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The detection of glucose is crucial in the management of diabetes and other medical conditions but also crucial in a wide
range of industries such as food and beverages. The development of glucose sensors in the past century has allowed
diabetic patients to effectively manage their disease and has saved lives. First-generation glucose sensors have
considerable limitations in sensitivity and selectivity which has spurred the development of more advanced approaches for
both the medical and industrial sectors.
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| 1. Introduction

The increased sugar consumption in people’s diet is related to many chronic health problems including cardiovascular
diseases (including heart failure, stroke or heart attack), type 2 diabetes, sleep apnea, metabolic syndrome, and obesity (I
2, In 2019, diabetes affected 463 million people worldwide, was responsible for 1.5 million deaths, and the number of
diabetic patients is expected to increase to 700 million by 2045 B!, Moreover, diabetes is associated with other pathologies
such as the risk of blindness, kidney failure, nerve damage, and heart problems 4. Therefore, diabetic patients need to
accurately determine their glucose blood level not just at the diagnosis stage but in all stages of treatment and disease
management, and the use of non-invasive and rapid glucose level testing methods is critical RIEIZIE],

In the last decade, the demand for glucose detection and monitoring systems significantly increased. This is reflected in
the increased number of publications related to glucose sensors, illustrated in Figure 1. Glucose sensors comprise optical
and electrochemical sensors. Optical glucose biosensors, encompassing different optical methods such as fluorescence,
absorptiometry, and surface plasmon resonance (SPR)
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Figure 1. Number of glucose sensor related articles published in the past 10 years. The search was conducted using the
Web of Science (Clarivate Analytics, Philadelphia, PA, USA) database considering the following keywords: “glucose”,
“sensors”, “electrochemical” and “optical”.

Electrochemical sensors, mainly based on amperometric methods, represent the most relevant group of glucose
biosensors and comprise enzymatic and non-enzymatic sensors. Noble metals and their composites have been used
specifically as the electrode materials for non-enzymatic sensors due to their high electrocatalytic activity, and high
sensitivity to the electrooxidation of glucose RIYMLIZ The major problem faced by non-enzymatic glucose sensors is
the absorption of glucose oxidation intermediates (e.g., CO) or solution active species (e.g., Cl-) which can lead to
blockage of electrode activity for direct glucose electro-oxidation 2l Furthermore, non-enzymatic amperometric glucose
sensors suffer from a lower selectivity compared to enzymatic amperometric glucose biosensors due to the difficulty faced
by the electrocatalytic materials to specifically catalyse glucose oxidation.



The principle behind enzymatic amperometric glucose sensors was proposed by Clark and Lyon in a patent describing the
use of enzymes for converting electroinactive substrates into electroactive products 241 Clark 12 also designed the first
enzymatic amperometric glucose sensor by immobilising glucose oxidase (GOx) on a platinum (Pt) electrode. Since these
preliminary studies, GOx has been extensively investigated and used for glucose biosensors due to its low cost, high

bioactivity, selectivity, and stability 8l. Glucose dehydrogenase (GDH) is also used for blood glucose test strips [LZLEI1]
20

Glucose sensing has a significant scientific, clinical, and industrial relevance and significant progress has been made
recently, particularly related to non-invasive methods to monitor blood [21122](231(24]

| 2. Three Generations of Enzymatic Glucose Sensors

The concept of a glucose enzyme electrode, as proposed by Clark and Lyon 4, monitors the oxygen consumption
according to the following enzyme-catalysed reaction:(1)glucose+oxygen - GOxgluconic acid+hydrogen peroxid

The main problem faced by this sensor was the interference from background oxygen during the reaction. To solve this
problem, Updike and Hicks 22 developed a system based on two oxygen working electrodes, measuring the current
differential, hence, removing the noise created by the background oxygen. Similarly, Guilbault and Lubrano 28 developed
an enzymatic amperometric glucose biosensor by monitoring the released hydrogen peroxide (H202) as follows:
(2)H202 - 02 +2H++2e-

The catalytic reaction of GOx-based glucose biosensors involved the reduction of the enzyme’s flavin group (GOx(FAD))
to the reduced form (GOx(FADH2)) [24:(3)GOx(FAD)+glucose - GOx(FADH2)+gluconic acid

The reduction is then counteracted using an electron acceptor and oxidation mediator, (Medox) to reoxidise the enzyme
and regenerate the oxidised form (GOx(FAD)) 2Z:(4)GOx(FADH2)+Medox —~ GOx(FAD)+Medred

The regeneration of the enzyme is important to guarantee the enzymatic cycle, otherwise the enzyme will be reduced and
cannot be reused, ending the sensing process.

According to the type of oxidation mediator, it is possible to identify three generations of glucose biosensors as shown in
Figure 2. The first-generation of sensors use O2as a physiological mediator, the second-generation uses an artificial
(synthetic) electron acceptor, while the third-generation uses an electrode for direct electrical communication without
requiring any mediators.
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Figure 2. Schematic representation of enzymatic glucose oxidation mechanisms for the three different generations of
biosensors.

The first generation of enzymatic glucose biosensors relied on oxygen as the oxidation mediator to regenerate GOx(FAD),
thus detecting glucose by monitoring the oxygen consumption, or the generation of H202during the enzymatic reaction
(28] The anodic oxidation and cathodic reduction of H202were used to monitor the enzymatic generation process 22,



Moreover, the anodic oxidation of H202enhances the ability to regenerate/replenish the oxygen, improving the enzymatic
cycle 29 The first-generation of enzymatic glucose biosensors were stable, simple, and easily used in miniaturised
applications B9,

At a high potential level, some coexisting species such as ascorbic acid and uric acids are electroactive, reducing the
selectivity and accuracy of the biosensor BUBZ This problem was minimised by using a permselective membrane,
reducing the access of the interferent to the surface of the biosensor transducer [B3I34135 (Os) complexes were used
based on their transport properties, pore size, charge, or polarity B8B83 - Similarly, Wang and Wu 29, developed a
glucose biosensor with high selectivity by dispersing rhodium particles in an Nf film.

The aim was to develop a highly selective and low potential glucose biosensing, due to the PB having high catalytic
activity and selectivity for the reduction of H202. 4 produced a highly sensitive imprinted electrochemical sensor based
on double amplification using an inorganic PB catalytic polymer and GOx 41, Moreover, a wide range of nanomaterials
including carbon nanotubes (CNTs) , Pt nanoparticles 42, and composite nanomaterials 4311441 were successfully used to
improve selectivity due to their high catalytic effect.

Another important limitation of the first generation of glucose biosensors, based on the use of oxygen as Medox, was
related to oxygen dependence 23148l These sensors were prone to errors, due to oxygen tension fluctuation and the
stoichiometric limitation of oxygen, usually referred to “oxygen deficit” (the normal oxygen concentration is an order of
magnitude lower than the physiological level of glucose) 8. Other approaches included the use of an oxygen-rich carbon
paste enzyme electrode B3I47I[48] or an air diffusion biocathode that used oxygen directly from the air (49,

The second generation of enzymatic glucose biosensors relied on the use of an artificial Medoxto mediate the GOx cycle
instead of depending on oxygen as a mediator to transport electrons to and from the enzyme active site 2. The artificial
Medoxcan be an immobilised mediator directly attached to the enzyme or entrapped in an enzyme film B152 3 solution-
state mediator able to diffuse in and out of the enzyme active site 48, or a redox-conducting polymer able to transport its
electrons to and from the enzyme active site 18331341 gyitable mediators for GOx include conducting organic salts
(particularly tetrathiafulvalene-tetracyanoquinodimethane, TTF-TCNQ), ferrocene, quinone compounds, ferricyanide,
transition-metal complexes, phenothiazine, and phenoxazine compounds BAESISEIB(58]59],

The catalytic process consisted of three steps: (1) the reduction of the GOx(FAD) to GOx(FADH2) due to the electron
transfer from the glucose to the FAD reaction centres of GOx; (2) electrons transfer from the FADH2centres to the artificial
mediator (Medox), hence reducing it from Medoxto Medred; and (3) the transport of electrons through the artificial
mediator to the electrode “&. A current signal is produced due to the oxidation of Medredand used for glucose
measurement, which requires an efficient interaction between the enzymes and the mediators to guarantee the effective
transportation of the electrons between the redox active centres and the electrode (211,

Several approaches have been proposed to tailor the mediators in the electrode-supported enzyme films, including using
Os complex as a mediator, non-covalent functionalisation of multiwalled carbon nanotubes (MWCNTs), GOx and binding
proteins, and stabilising artificial mediators [BAEL62] [63] designed a bienzymatic glucose biosensor based on the non-
covalent functionalisation of MWCNTs with GOx and avidin (to allow the specific anchoring of biotinylated horseradish
peroxidase (b-HRP)). 48 designed a reagentless biosensor with free diffusing mediators by covalently bonding the GOx to
the surface of the biosensor followed by exposing it to a water-organic mixture containing a high content of organic
solvent 81, |n the case of immobilised mediator-based biosensors, it is important to immobilise the artificial mediator near
both the enzyme’s redox centre and the electrode surface to ensure high electron-exchange efficiency.

The third generation of enzymatic glucose biosensors relies on direct energy transmission (DET), which depends on the
distance between the enzyme’s redox centre and the electrode surface (463 The reassembling of apo-proteins on
cofactor modified enzymes and the reassembling of apo-enzymes on cofactor Au nanoparticles (AuNPs) are widely used
strategies to align redox enzymes on the electrodes [BEI6ZIG8IEA0 These methods are effective in the process of
electrically wiring the redox enzyme to the electrode surface but are complex processes which limit their usage. 24
achieved direct energy transfer between GOx and electrode via a site-specific modification of GOx to display a free thiol
group near the active site, hence facilitating site-specific attachment of maleimide modified AUNPs to the enzyme.

This third generation of glucose sensors produced better results than both the first and second generation, but still present
restrictions stemming from their dependency on the enzyme’s activity which can be influenced by external environmental
factors such as temperature, pH, and humidity B4lZ2IZ3] Moreover, the biosensor performance also depends on the
enzymatic layer thickness with high layer thickness resulting in signal dampening or loss [Z4173],



Despite all these developments, the different generations of biosensors present several limitations not yet fully addressed,
which has led to the development of non-enzymatic glucose detection systems. These non-enzymatic glucose sensors,
sometimes referred to as the fourth generation of glucose sensors, rely on the concept of oxidising glucose directly on the
electrode surface.

| 3. Recent Developments in Enzymatic Glucose Biosensors

Advances in the field of nanomaterials have led to the development of enzymatic biosensors incorporating nanomaterials
(e.g., noble and transition metal nanoparticles, CNTs, graphene, and nanostructured metal oxides) to amplify the electron
transfer rate, improving the biosensor performance in terms of selectivity and sensitivity 8. GOx was then covalently
immobilised to the Au-SiO2NP followed by drop casting of the SIO2NP/GOx solution on the surface of a glass electrode.
Buk and Pemble Z4 prepared a glucose biosensor using a micro disk array electrode, modified with carbon quantum dots
(CQDs)-AuNPs as a matrix for GOx (Figure 3). Finally, glutaraldehyde was used to immobilise GOx, producing a micro
disk array with a sensitivity of 626.06 JAmM-1cm-2and a wide linear range from 0.16 to 4.32 mM [ZZ,
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Figure 3. Preparation steps of a glucose biosensor using a micro disk array electrode. (1) single disk array electrode, (2)
surface magnification, (3) cysteamine modification of the Au surface, (4) CQDs/AuNPs adhered surface, (5) GOx
immobilisation to the surface [113].

MWCNTSs were recently investigated to produce immobilisation matrices for GOx due to their high stability and ability for
direct electron transfer 8783 (78 developed a bio-nanohybrid material by dispersing functionalised MWCNTs
(fMWCNTSs) in a Nf film dopped with PPy. /2 used cobalt (I1) sulphide nanoparticles (COSNPs) to coat MWCNTs through
an in situ hydrothermal method, obtaining a CoS-MWCNTs composite used as a matrix for GOx immobilisation. B%
developed a functional nanocomposite by depositing manganese dioxide (MnO2) on the surface of MWCNTSs via an in situ
hydrothermal method.

Similarly, graphene has been used to produce enzymatic glucose biosensors. [ using MnO2nanoparticles to decorate
graphene nanoribbons (GNR) followed by surface modification using a drop coating method with GOx and Nf. The
composite solution was then drop cast on the screen printed carbon electrode (SPCE) producing a MnO2-GNR/SPCE
electrode, followed by the addition of GOx and Nf, which resulted in an enzymatic glucose biosensor with a sensitivity of
56.32 pA [ jnvestigated the use of reduced graphene oxide (rGO) to increase the sensitivity and selectivity of a zinc
oxide (ZnO) nanorod based biosensor.

Recently, Hossain and Slaughter 83! proposed a hybrid glucose biosensor with high sensitivity and selectivity using both
MWCNTs and graphene. Chemically derived graphene and MWCNTs functionalised with carboxylic groups were
synthesised using a one-step solvothermal technique to produce a suspension containing both materials. The fabricated
hybrid biosensor exhibited sensitivity of 26.5 yA mM-1cm-2and linear detection range from 0.5 to 13.5 mM (&3],

High selectivity is a key requirement for glucose sensing applications. One approach to improve selectivity consists of
using a red blood cell membrane (RBCM) as a diffusion barrier on the surface of the enzymatic glucose biosensor to
eliminate any interfering molecules from reaching the surface 4. RBCM collected from red blood cells was used to coat
the outer surface of the coated SPGE. The RBCM coated enzymatic glucose biosensor was then tested, showing lower
limit of detection than the uncoated biosensor demonstrating that the RBCM increases the biosensor selectivity and its
performance 4],



Conductive polymers (CP), prepared mostly by incorporating conductive nanoparticles within a polymer matrix, can be
used for enzyme immobilisation due to their unique properties such as high electron affinity, electrical conductivity, redox
activity, stability, and low cost [82l88] [87] fapricated an enzymatic glucose biosensor using a novel electrochromic
conductive polymer, poly(2,5-di(furan-2-yl)thiazolo[5,4-d]thiazole) (PTTzFr), to immobilise GOx. [E8 developed a
ratiometric enzymatic glucose biosensor using schiff base polymers (SBPs) due to their stability, biocompatibility, and
good mechanical and catalytic properties. The electrodes were coated with chitosan as an immobilisation matrix for GOx
allowing the covalent bonding of the GOx to its surface via the active amine (NH) side group, improving stability and
preserving the biocatalytic functions of the enzyme.

Enzymatic glucose biosensors for blood glucose monitoring led to the development of patient friendly devices, enabling
continuous and real-time glucose monitoring. This was a three-layered sensor based on a glucose sensing layer, a
glucose mass transport restricting layer, and an outer biocompatible layer. Below the glucose sensing layer, a flexible gold
wire electrode was used. The ETC depends on the HA penetration into the interstitial fluid (ISF) (anode channel),
intravascular blood glucose refiltration from vessels, and glucose reverse iontophoresis to the skin surface (cathode
channel).

| 4. Recent Developments in Non-Enzymatic Glucose Sensors

Non-enzymatic glucose sensing is a cheap and rapid technique that relies on the direct electrochemistry of glucose
(oxidation or reduction) However, direct glucose oxidation on noble metal electrodes suffer from three major limitations B2
[901[94][921(93]- (1) restricted glucose sensitivity which can be attributed to the slow glucose electro oxidative kinetics on
conventional electrodes; (2) low selectivity as several sugars can be oxidised in the same potential range as glucose; and
(3) reduced electrode activity due to ion contamination, mainly chloride ions (Cl-). The sensitivity and selectivity limitation
can be countered by increasing the surface area of the electrode allowing more glucose to be in direct contact with the
electrode’s surface. Particularly relevant are noble metals such as Pt, nickel (Ni), Ag, zinc, and Au, which are highly
utilised to develop novel non-enzymatic glucose sensors [L1[241(95]96]

The non-enzymatic glucose oxidation catalytic process involves the hemiacetalic hydrogen atom abstraction that occurs in
parallel with the adsorption of the organic species 4. 971 proposed the “incipient hydrous oxide adatom mediator”
(IHOAM) model describing the complex electrocatalytic process of glucose. The IHOAM model describes the significance
of the “active” hydroxide anions in the domain of the electrode surface produced by the separation of water:
(5)H20 - H++OH- to the electro-oxidation of glucose and other organic compounds 22931 Moreover, the chemisorption
of hydroxide anions to the reductive metal adsorption site (M), results in the production of oxidative adsorbed hydroxide
radical (MOHads)

From Equations (5) and (6) it is possible to observe that the MOHadsformation increases by increasing the concentration
of OH-. Therefore, non-enzymatic glucose sensing is a pH dependent process, and an highly alkaline environment
improves its sensitivity (281,

Several metals, especially noble metals, have been studied as a base material for the electrodes of non-enzymatic
glucose biosensors 2100 As 3 result, a deeper understanding of the glucose direct oxidation mechanism was achieved,
showing that the mechanism depends directly on the metallic catalyst used in the electrode 322931 Moreover, advances
in material science led to the development of several metal alloys and hybrid materials, allowing for improved properties
when compared to noble metals and metal oxides alone [12[101][102][103]

The first peak (potential region 0.15-0.3 V vs. RHE (reversible hydrogen electrode)) corresponds to the hydrogen region
and it is characterised by glucose dehydrogenisation leading to glucose adsorption to the electrode surface B4, The
second peak (potential region 0.4-0.8 V vs. RHE) represents the double layer region and it is associated to the water
dissociation process (Equation (5)) followed by glucose oxidation that occurs at a lower potential than the required
glucose thermodynamic oxidation potential as predicted by the IHOAM model 2287 As a result, the glucose oxidation

becomes diffusion-controlled, leading to direct bulk glucose oxidation on the oxide layer instead of a surface-bound
reaction [22(204],

Noble metals such as Pt and Au, experience a large oxidative current in the double layer region during cathodic scan.
Identical anodic currents appear during the cathodic scan for many other organic species, specifically alcohols 193],
Investigations of the produced oxidative currents have demonstrated the current dependence on the glucose
concentration 208 pH 1971 ypper limit potential (28], surface morphology 2281, and electrode ion contamination 02,



Strategies to overcome the Pt limitations comprise nanoengineering the Pt surface, fabricating nanocomposite structures,
adjusting surface morphology, roughness, and increasing porosity 1QUIIOLIIZANIS] - Additionally, the fabrication of
nanocomposite Pt-based structures is a widely used approach to improve the catalytic efficiency of noble metals [2IB2198]
This approach reduces production costs and the required amount of Pt and augments the surface catalytic activity by

increasing the electrode surface area, evenly dispersing Pt on different substrates such as graphene 14 CNTs 89 and

mesoporous carbon 118],

[114] developed a flexible electrochemical glucose sensor using free-standing graphene paper carrying a nanocomposite
PtAu alloy and MnO2. The glucose sensor exhibited high sensitivity of 58.54 UA The sensor presented high sensitivity of
30.3 pA B developed a non-enzymatic biosensor by electrodepositing Au and Ruthenium (Ru) on the surface of a CNT-
based Pt-nanoparticle hybrid composite in a poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS)
conductive polymer.

[1168] gemonstrated the potential of using nano porous Pt for non-enzymatic glucose sensing applications and this was
followed by several other studies on Pt film electrodes [10Q[111][112] [100] deyeloped a prototype of a disposable non-
enzymatic blood glucose sensing strip, using nano porous Pt as an electrode material mixed with poly(vinyl acetate)
acting as a binding material. The sensor was able to detect glucose in whole human blood with acceptable stability for 30
days and a sensitivity of 0.0054 pAcm-2mgdL-1[199, [117] selectively dealloyed Si from Pt-Si alloy to create a nano porous
Pt electrode with an increase in roughness due to the higher porosity which led to higher glucose sensitivity and lower
sensitivity to interfering species such as ascorbic acid.

However, contrary to Pt its glucose oxidation mechanism is still vague, requiring further studies. In this case, the cyclic
voltammetry graph only presents two regions, corresponding to the double layer and Au oxide region [L18I13I[71][107][119]
Moreover, the glucose oxidation is not as dominant in the Au oxide region compared to Pt and mainly occurs in the double
layer region where the surface OHadslayers are formed 224, Results also suggest that high pH levels result in higher

faradic current, while at low pH

Different methods such as electrochemical etching and dissolution 20U[20121] - e|ectrochemical deposition [1221(123][124]
and thermal annealing 1221 have been used to produce nano porous Au samples aiming to reduce ion contamination and
interference with the sensor surface. Verma 194, used Oryza sativa (Asian rice) extract as a reducing agent for the bio-
reduction of Au (Au3+) and Ag (Ag+) ions, producing nano precursors leading to the formation of OD monodispersed
tunable nano porous AuNPs. The obtained nano porous AuNPs were then used to modify the surface of a GCE and
tested for non-enzymatic glucose sensing using C-V. 129 ysed magnetron sputtering to fabricate nano porous Au thin

films by chemically dealloying the nano porous Au to obtain a 3D bicontinuous ligament nanopore film.

The modified electrode was used to directly detect glucose and was assessed using C-V, showing a linear range from 0.1
to 13 mM, and sensitivity of 0.5 pA mM-1cm-21224], [125] deyeloped a new facile, environmentally friendly, cost-effective,
and bottom-up approach to obtain a hierarchically porous Au cluster film for direct electrochemical non-enzymatic glucose
sensing. The Au-cluster film consisted of a network structure interconnected with Au particles and disordered 3D
hierarchical pores. The produced film showed a large surface area, high electrocatalysis, and electroconductivity towards
glucose oxidation.

The major advantage of using Au-based electrodes for glucose sensing is the higher current response when compared to
Pt-based electrodes, allowing for higher sensitivity and the ability to detect glucose in a neutral pH 224, However, the
main limitation of Au-based electrodes is related to the low glucose oxidation efficiency on the Au electrode surface,
especially in the presence of surface OHads!®3, which can be reduced by using arrays of nanoelectrodes spaced by non-
electroactive materials. Additionally, as these electrodes are better activated in alkaline solutions they cannot be used for
in-vivo studies, they suffer from surface contamination from anions such as phosphates and chlorides, and the selectivity
is lower than Pt-based electrodes.

Pt and Au are suitable electrode materials for glucose detection but are expensive. Therefore, other non-precious
transition metals [281127] jncluding Nickel (Ni) The redox reaction of transition metals does not follow IHOAM and
chemisorption models. The oxidative power of the higher oxide later has enough strength to create surface-bound
OHadsradicals, that oxidises organic compounds such as glucose on the electrode surface.

Previous studies highlighted that Cu (ll) and Cu (lll) couple on the anodic surface of the Cu electrode during glucose
electro-oxidation in an alkaline environment 12811291 Finally, the hydroxyl anions rapidly oxidise the radical intermediate
producing gluconolactone 239 as the CUOOH catalysis requires the presence of hydroxyl anions. Another important
disadvantage is related to the competitive ethanol interference which negatively impacts the ability to detect blood glucose
level.



(131l developed a portable micro glucose sensor using Cu oxide (CuO) nano-coral arrays (NCA) grown on a hano porous
Cu (NPC) electrode. This non-enzymatic sensor showed high catalytic activity of glucose due to the CuO nano-coral
arrays and high conductivity due to the NPC. (132! ysed a wet chemical technique combined with an annealing procedure
to produce 3D copper oxide nanowire arrays (CUONWA) on a copper foam (CF) skeleton. The increased sensitivity of this
sensor can be attributed to the increase in surface area due to the nanowire arrays as well as the porous copper foam.

In the case of Ni, which exhibits a similar glucose electro-oxidation mechanism to Cu, Ni (Il) and Ni (Ill) couple mediate
the glucose redox on the electrode surface. 233 used a femtosecond laser direct writing technique to prepare an Ni foam
(NiF). The obtained NiF exhibited a controlled micro and nano superhydrophilicity structure leading to an increased
detection area and higher sensitivity (13.822 The nanocomposite was then used to modify the surface of the GCE to
detect glucose.

Metal alloys are highly relevant electrode materials due to their high electrocatalysis. The different atoms inside an alloy
create a new binding site or reaction pathway that can greatly impact the activation or binding energy of the reagent or
intermediate, resulting in a possibly new reaction pathway and reduced overpotential 134, Novel multi-metallic Pt and Au-
based alloys and advances in computational chemistry have allowed development of electrodes with improved catalytic
efficiency, stability, and anti-interference [12(102][103]

Several noble metal-based catalysts such as Pt-Ag 1131, pt-Ni (1381 pt-pp (1381 pt-jridium (Pt-Ir) 137, and Au-Pt (192 were
investigated for the development of novel electrodes using electrodeposition or selective dealloying techniques The
sensor was used to determine the glucose level in bovine serum albumin samples and showed a linear detection range
from 1 to 25 mM and sensitivity of 115.5 The combined use of Pt and Ag resulted in a low overpotential, high sensitivity,
and good stability when compared to monometallic-based non-enzymatic glucose sensors. Pt and Ag were also drop
casted on the surface of a boron-doped diamond electrode (BDD) resulting in a modified electrode with high stability and
selectivity 1381,

(1391 modified the surface of a Pt electrode using tellurium microtubes through a drop casting method. The sensor
exhibited two linear ranges with different sensitivity for each range-first range between 0.1 and 1 mM and sensitivity of
522.61 pA The produced sensor had a linear oxidation current of glucose ranging from 0.1 to 19 mM, sensitivity of 23 pA
mM-1cm-2, and the interference from ascorbic acid, uric acid, and fructose was avoided 149,

Metal alloy-based non-enzymatic glucose sensors have great potential in facilitating glucose electro-oxidation with several
studies 23 showing its higher sensing performance compared to monometallic-based sensors 14, The alloy-based
sensors typically based on Pt or Au are usually more expensive but present better current response and anti-interference,
whilst operating in a neutral pH environment.
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