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A B S T R A C T   

In this work, the synthesized MXene (Ti3C2Tx) exhibited large specific area, biocompatibility, excellent electronic 
conductivity, and good dispersion in aqueous phase. The Chit/ChOx/Ti3C2Tx nanocomposite was prepared 
through the continuous self-assembled process. Its structure is characterized by scanning electron microscopy 
(SEM), cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS), and differential pulse voltam
metry (DPV). Moreover, the biosensor for cholesterol detection was fabricated via a one-step dip-coating method. 
Chit andTi3C2Tx act as a support matrix to immobilize ChOx enzyme, and also play a role in increasing the 
electrical conductivity. Meanwhile, the addition of redox mediator (Fe(CN)6

3-/4-) facilitates the electron transport 
from the analyte to the modified electrode in the oxidation of cholesterol. The DPV response exhibited an in
crease in current with increasing cholesterol concentration. Under the optimum conditions, the DPV response of 
the biosensor indicated a good linear relationship with the concentration of cholesterol ranging from 0.3 to 4.5 
nM with a low detection limit of 0.11 nM, and a high sensitivity of 132.66 μA nM− 1 cm− 2. In addition, with 
favorable selectivity and stability, the biosensor has been used to detect cholesterol in real samples and the 
results demonstrate that the biosensor has excellent practicability.   

1. Introduction 

Cholesterol as a significant lipid in human beings, a waxy steroid 
present in fats, is a major part of cell membrane and helps to maintain 
membrane permeability and fluidity. At the same time, cholesterol is an 
important biomarker for a number of diseases (Devadoss and Burgess, 
2004). The low content of cholesterol may cause several diseases such as 
low lipoprotein, sepsis, malnutrition, anemia (Huang et al., 2019). 
While the high content of cholesterol may be associated with a variety of 
diseases, such as hypertension, cerebral thrombosis, coronary heart 
disease, and atherosclerosis (Sekretaryova et al., 2014). In general, 2.83 
– 5.20 mM is the normal range of human cholesterol level to be main
tained (Amiri and Arshi, 2020). Hence, the development of a simple, 
precise, sensitive, and effective method for monitoring cholesterol 
concentration is important practical significance in academic and 
medical fields. 

To date, high performance liquid chromatography (Sinha et al., 

2015), colorimetry (Zhao et al., 2019), fluorescence (Sun et al., 2017), 
spectrophotometry (Chitra et al., 2017), electrochemiluminescence (Wu 
et al., 2014) and electrochemistry (Yuan, 2013; Maduraiveeran et al., 
2018) have been used for the detection of cholesterol. Most of these 
methods have good results in cholesterol detection, but some short
comings still exist in the case of time consumption, low sensitivity, and 
selectivity, sophisticated instrumentation standardization difficulties, 
requirement of sample pretreatment and experienced operators (Amiri 
and Arshi, 2020). However, electrochemical biosensor approach over
comes these disadvantages, which are highly specific, simplicity, 
cost-effective, and highly sensitive (Narwal et al., 2019). For example, 
Zandi et al. (2019) reported the electrochemical lipidomics based on 
electrical impedance spectroscopy (EIS) to detect carcinoma in secretory 
glands. This technique may provide new insights into cancer diagnosis 
as a cell free complementary analysis. Nandini et al. (2016) had con
structed a sensitive biosensor, AuNs/SHGO/ChOx/Graphit, to analyze 
the cholesterol with a low limit of detection (LOD) of 0.2 nM. To this 
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end, enzymes have been immobilized on electrodes with different car
riers based on nanomaterials, polymers, hydrogels and sol-gels, self-
assembly monolayers, and other materials (Amiri and Arshi, 2020). The 
sensing nanomaterials play an important role in the enhanced sensitivity 
of biosensors. Until now, because of carbon nanomaterials’ large specific 
surface areas, good biocompatibility, and excellent electrical conduc
tivity, they have been widely used as sensing materials for immobilizing 
enzymes and fabricating biosensors (Alwarappan et al., 2010a, 2010b, 
2012; Huo et al., 2016; Wan et al., 2015). In addition, semiconductor 
metal oxides, MoO3 with a unique layered structure is promising 
candidate materials for sensors (Yang et al., 2016). It is well known that 
the uniform dispersion of nanomaterials in water solution is the key to 
promote their application in enzymatic biosensors (Malig et al., 2012). 
Nevertheless, carbon nanomaterials are difficult to disperse uniformly in 
aqueous phase, due to their hydrophobic nature. 

Recently, transition metal carbides, nitrides, and carbonitrides 
(MXene) have been introduced into the field of electrochemical 
biosensor due to their outstanding metal conductivity, hydrophilic sur
face, large specific surface area, layered structure, remarkable chemical 
stability, and rich surface chemical groups (Zhang et al., 2020; Soomro 
et al., 2020; Kalambate et al., 2019; Liu et al., 2019). MXene is a novel 
class of two-dimensional materials of transition metal carbides, and 
nitrides (Naguib et al., 2011). MXene can be obtained by etching 
element A from the raw material MAX powders, where M generally 
stands for an early transition metal, A is mostly IIIA or IVA of a periodic 
table element, and X represents carbon or nitrogen. And that MXene 
general formula is Mn+1XnTx, Tx stands for surface functional groups (-O, 
–OH, –F), M and X are the same as above. MXene has great application 
prospects in supercapacitor (Yu et al., 2018), catalysts (Seh et al., 2016), 
electromagnetic shielding (Urbankowski et al., 2017) and lithium-sulfur 
batteries (Ma et al., 2020). Because of the large surface, the 
MXene-based materials are comparable and superior to some other 
two-dimensional materials in immobilizing enzymes or proteins to 
achieve accelerated reaction kinetics. However, the 2D materials con
taining MXene are easy to agglomerate or stacked in nature hindering 
the ion transmission by the electrodes. In order to make full use of the 
electrochemical performance of MXene, a number of methods have been 
developed to create porous structures or introduce interlayer spacers 
into MXene. Thus, it is increasingly reported that the construction of 2D 

materials into 3D macroscopic structures, such as films or aerogels, 
which can greatly accelerate ion transport in electrodes for efficient 
devices (Yao et al., 2021). In addition, chitosan (Chit) is widely used as a 
biomaterial for immobilizing enzymes. It exhibits excellent film-forming 
ability, biocompatibility, nontoxicity, high mechanical strength, and 
hydrophilicity for constructing electrochemical biosensors (Farshchi 
et al., 2020). So far, MXene-Ti3C2 immobilized hemoglobin and tyrosi
nase has been used to the detection of NaNO2 and phenol with the LOD 
of 0.12 μM and 12 nM, respectively (Liu et al., 2015; Wu et al., 2018). 
And MXene-Ti3C2 combined with TiO2 nanoparticles immobilized he
moglobin exhibited LOD of 14 nM for H2O2 with good performances 
(Wang et al., 2015). MXene-based enzymatic biosensors have been 
developed rapidly, due to their fast response, high sensitivity, good 
inherent selectivity, and biocompatibility. However, because of enzy
matic deactivation, high cost and difficulty in preparation, their wide
spread applications have been restricted. To data, few studies on 
enzymatic biosensors based on MXene have been reported (Sajid, 2021). 
Hence, in view of MXene’s unique structure and excellent properties, its 
application in immobilizing enzyme and fabricating biosensor is worthy 
of further study. 

In this study, we fabricated a sensitive and simple MXene-based 
enzymatic electrochemical biosensor, which was constructed by utiliz
ing the beneficial properties of MXene and Chit. Herein, this biosensor 
began with the hierarchical etching of Ti3AlC2 to form Ti3C2Tx as a 
template for immobilizing cholesterol oxidase (ChOx), following, the 
continuous self-assembled process was designed to form the hierarchical 
accordion-like Chit/ChOx/Ti3C2Tx nanocomposite. Chit and Ti3C2Tx 
help to immobilize ChOx, and also play a role in conducting media for 
electron transfer. Moreover, its electrochemical behaviors were studied 
by differential pulse voltammetry (DPV). The DPV response of deter
mination of cholesterol is generated via the ChOx reaction, which is 
selective oxidation of cholesterol to cholest-4-en-3-one and H2O2. With 
the production of H2O2, the electro-oxidation current can be detected at 
the appropriate potential. It can measure the level of cholesterol indi
rectly. Meanwhile, the addition of redox mediator (Fe(CN)6

3-/4-) facili
tates the electron transport from the analyte to the modified electrode. 
Thus, the redox mediator plays a significant role in the oxidation of 
cholesterol and the fast reversible electron transfer accelerates the ki
netics of the electrochemical reaction (Fig. 1). Satisfactorily, it is 

Fig. 1. A schematic representation of the fabrication of the Chit/ChOx/Ti3C2Tx/GCE, and a possible reaction mechanism of cholesterol at the modified GCE.  
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demonstrated to be a successful electrochemical biosensor with a good 
linear response and low detection limit, exhibiting excellent perfor
mance for the determination of cholesterol concentration. Furthermore, 
the proposed electrochemical method has been successfully applied for 
the detection of cholesterol in real samples with excellent stability and 
reproducibility. 

2. Experimental section 

2.1. Materials 

Ti3AlC2 powder (300 mesh) was purchased from 11 Technology Co., 
Ltd (Jilin, China). Chitosan (Chit, from shrimp shells, ≥ 95% deacety
lated), cholesterol (Cho, > 99%), cholesterol oxidase (ChOx, >10 U 
mg− 1), and bovine serum albumin (BSA, ≥ 98%) were purchased from 
Aladdin (Shanghai, China). Hydrochloric acid (HCl, 37%), lithium 
fluoride (LiF), Triton X-100, isopropyl alcohol (IPA), potassium chloride 
(KCl), K3[Fe(CN)6], K4[Fe(CN6)], glucose (Glu), lactic acid (LA), uric 
acid (UA) and other reagents were purchased from local chemical re
agent company. Unless otherwise noted, all reagents were analytical 
grade. Chit was prepared in 0.1 M acetic acid, 0.1 M phosphate buffer 
solution (PBS, pH 7.0) obtained NaH2PO4 and Na2HPO4 were used as 
supporting electrolytes. PBS solution of different pH was adjusted by 
NaH2PO4 and Na2HPO4. Ultrapure water (resistance: 18.25 MΩ cm− 1) 

was used for the preparation of all the solutions. Stock solutions of ChOx 

were in PBS solution. The stock solution of Cholesterol was obtained by 
dissolving cholesterol in a mixture solution of Triton X-100 (1.5 mL), 
isopropanol (1.5 mL), and PBS (17 mL) under magnetic stirring at a 
temperature of 60 ◦C to preparation a standard solution. The standard 
solution was diluted to create different concentrations of analytes by 
PBS (pH 7.0) for further experimentation. The human serum sample was 
collected from the Affiliated Hospital of Guilin University of Technol
ogy, and diluted to 50-fold using PBS (0.1 M pH 7.0). 

All reagents were used in this paper and without further purification. 
The prepared stock solution was stored at 4 ◦C before use. 

2.2. Apparatus 

The electrochemical measurements were performed on a CHI 660E 
(Shanghai Chenhua Instrument, China) electrochemical workstation. 
Electrochemical impedance spectroscopy (EIS) was performed on an 
Autolab workstation (Eco Chemie, Utrecht, Netherlands). All electro
chemical experiments were carried out using a three-electrode system 
with a glassy carbon electrode (GCE diameter of 3 mm) as the working 
electrode, an Ag/AgCl as the reference electrode, and a platinum wire 
electrode as the auxiliary electrode. Fourier transform infrared spec
troscopy (FT-IR) assay was obtained a Nicolet iS10 Fourier IR Spec
trometer (Thermo Fisher Scientific, USA). Scanning electron microscope 
(SEM) was JSM-7610 F (JEOL Ltd., Japan) carried out on morphologies. 
X-ray diffraction (XRD) study was performed using an X’pert PRO 

Fig. 2. (A) SEM of MXene. (B) XRD of Ti3AlC2 (a) and Ti3C2Tx (b). (C) SEM images of MXene/Chit/ChOx/film on GCE. (D) IR spectra of Ti3C2Tx (a) and ChOx/ 
Ti3C2Tx (b). 
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powder diffractometer (Netherlands). All measurements were conduct
ed at 25 ◦C. 

2.3. Synthesis of MXene nanosheets (Ti3C2Tx) 

The MXene-Ti3C2Tx were synthesized according to the literature 
with a little modification (Urbankowski et al., 2017). Typically, LiF 
powder (1.0 g) was dissolved in 20 mL of 9 M HCl solution. After 1.0 g of 
Ti3AlC2 was slowly added into the above solution. The mixture was 
constant magnetic stirred at 40 ◦C for 30 h. The resulting suspension was 
washed with ultrapure water for five times and centrifuged at 3500 rpm 
for 10 min, then washed with ultrapure water until the pH of the su
pernatant was close to 6. Following, the stable Ti3C2Tx suspension was 
subjected to sonication for 1 h. Finally, the obtained Ti3C2Tx were dried 
in a vacuum at 60 ◦C for 15 h. 

2.4. Preparation of chit/ChOx/Ti3C2Tx/GCE sensor 

Before modifying the glassy carbon electrode (GCE), the GCE was 
firstly polished using Al2O3 (0.05 μm) on the chamois leather for 5 min 
until appeared a bright mirror and rinsed repeatedly by ultrapure water 
for several times, and finally dried at room temperature. Then 20 μL of 
Ti3C2Tx aqueous solution (5 mg mL− 1) mixed with ChOx solution (0.2 U 
μL− 1) together ultrasonic for 5 min. Following, 10 μL of Chit (6 mg 
mL− 1) solution was added to the above mixture solution followed by 
sonicating for 5 min. By now the Ti3C2Tx shows negatively charged due 
to the abundance of –OH or –F groups, it could be well adhered in Chit 
solution, under the Coulomb effect, formed a uniform film on the surface 
of GCE (Shan et al., 2010). 5 μL of the suspension of Chit/ChOx/Ti3C2Tx 
was slowly casted onto the surface of a freshly polished GCE. The 
modified electrode was dried at room temperature for further 
measurements. 

3. Results and discussion 

3.1. Structural characterization 

The different morphology of the synthesized Ti3C2Tx was investi
gated by SEM. As shown in Fig. 2A, the Ti3C2Tx clearly showed an 
accordion-like structure resembled graphene. Each other sheets were 
separated and exfoliated multilayers less than 50 nm. At the same time, 
the synthesized Ti3C2Tx has a large specific surface area, which is 
beneficial to immobilize the cholesterol oxidase. Furthermore, the 
Ti3C2Tx was scanned over the 2θ range of 5 - 75◦ to identify the struc
ture. From Fig. 2B, compared to Ti3AlC2, the Al layers were etched 
totally. In addition, some diffraction peaks (002), (004), and (006) peaks 
shifted to lower angles and tended to be broadened due to an enlarged 
interlayer spacing. 

Fig. 2C showed the enzyme immobilization, the GCE surface formed 

a compact composite film. Interestingly, the 2D nanostructure of Ti3C2Tx 
was beneficial to retaining the biological activity, embedding ChOx and 
promoting the transport of enzyme substances and products. The porous 
structure of the composite film Chit/ChOx/Ti3C2Tx improved the 
effective specific surface area of the modified electrode, thus improved 
the performance of the fabricated biosensor. 

As is known to all, FT-IR is the most effective means to research the 
structure of ChOx inset into the Ti3C2Tx on the GCE. As seen in Fig. 2D, 
there are two strong peaks located at 3435 cm− 1 (3379 cm− 1) and 1640 
cm− 1, which may be the –OH or coordinated H2O in the samples of 
Ti3C2Tx and ChOx/Ti3C2Tx nanocomposites. The amide (1600-1700 
cm− 1) is corresponding to the –C––O stretching vibration of peptide 
chain in protein. The amide (1500-1620 cm− 1) is attributed to the 
combination of -N-H bending and C–N stretching (Lu et al., 2008). The 
absorption peaks at 1640 cm− 1 and 1550 cm− 1 are shown to agree with 
the characteristic absorption peaks of native cholesterol oxidase, which 
suggest the ChOx retain structure after forming ChOx/Ti3C2Tx nano
composites and prove the good biocompatibility of Ti3C2Tx. 

3.2. CV and EIS characterization of Ti3C2Tx modified electrodes 

Cyclic voltammetry (CV) was performed with different modified 
electrodes immersed in 1 mM Fe(CN)6

3− /4- solution containing 0.1 M KCl 
and 1.0 mM cholesterol at a scan rate of 100 mV s− 1 and the potential 
ranging from − 1.0 V to 1.0 V (Fig. 3A). A pair of well-defined redox 
peaks were given at bare GCE (curve a). After GCE modified with ChOx/ 
Chit, the redox peak current of Fe(CN)6

3− /4- significantly decreased 
(curve b). However, the CV current responses of ChOx/Chit/Ti3C2Tx 
were enhanced significantly (curve c), especially in the remarkable in
crease of reduction peak current. This increased CV response most likely 
according to the sensitive electronic characteristics and strong adsorp
tion capacity of Ti3C2Tx, was promoted by the intercalation capacity of 
Ti3C2Tx, which could give rise to a high load efficiency of cholesterol on 
the electrode surface. 

It is also necessary to investigate the electron transfer properties of 
the different modified GCE through EIS. The frequency range from 0.1 
kHz to 100 kHz. Open circuit voltage was 0.19 V. Alternating voltage 
was 5 mV. As shown in Fig. 3B, all of the EIS curves appear a typical 
semicircle or straight line in the high/low frequency scope. There is 
semicircular part at high frequencies corresponds to the electron transfer 
process, and diameter is equal to the electron transfer resistance (Rct). 
The diffusion process is linear part at lower frequencies. It is clear that 
Ti3C2Tx/GCE (b, Rct = 45.85 Ω) has very small semicircle diameter of 
EIS curve compared with bare GCE (c, Rct = 200.9 Ω), which is due to 
the excellent conductivity and favorable electron transfer kinetics of this 
sheetlike nanomaterial. When ChOx was modified with Chit onto bare 
GCE, the Rct increased from 200.9 Ω to 343.0 Ω indicating that the layer 
of ChOx and Chit have formed on the electrode. ChOx hinders the 
electron transport. After the Ti3C2Tx was combined with Chit and ChOx 

Fig. 3. (A) CVs of bare GCE (a), Chit/ChOx/GCE (b) Chit/ChOx/Ti3C2Tx/GCE (c) in 1 mM Fe(CN)6
3-/4- solution containing 0.1 M KCl and 1.0 mM cholesterol. Scan 

rate: 100 mV s− 1. (B) Nyquist plots of Chit/ChOx/Ti3C2Tx/GCE (a), Ti3C2Tx/GCE (b), GCE (c), Chit/ChOx/GCE (d) in 1 mM Fe(CN)6
3− /4- containing 0.1 M KCl and 1.0 

mM cholesterol. Inset: Amplified Nyquist plot of (b) Ti3C2Tx/GCE. 
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to modify GCE electrode, the Rct decreased remarkably from 343.0 Ω to 
118.7 Ω. The result indicates that Ti3C2Tx speeds up the electron transfer 
on the surface of electrode, which increases the electrical conductivity. 
All of above match with the CV measurement results. 

3.3. Optimization of experiment parameters 

3.3.1. Optimization of scan rate 
To explore the reaction kinetics, Chit/ChOx/Ti3C2Tx/GCE is studied 

by CV with different scanning rates at the potential ranging from − 1.0 V 
to 1.0 V in the presence of cholesterol. As depicted in Fig. S1A, the redox 
peak current increased linearly when the scan rate increased from 20 
mV s− 1 to 200 mV s− 1. As shown in Fig. S1B, the linear regressions of 
anodic and cathodic peak current were Ia = 0.143 v + 13.209 (R2 =

0.9956) and Ic = − 0.617 v - 30.16 (R2 = 0.9961), respectively. It in
dicates that the electrode reaction process is a surface adsorption 
controlled process rather than a diffusion controlled process. The 
possible reaction mechanism for electrochemical oxidation of choles
terol was shown in Fig. S2. 

3.3.2. Optimization of the amount of Ti3C2Tx 
To improve the sensitivity of the biosensor, the amount of Ti3C2Tx 

was further investigated (Fig. S3A). DPV was applied to study electro
chemical performance in 0.1 M PBS containing 1.0 mM cholesterol. As 
shown in Fig. S3A, with Ti3C2Tx loading increasing from 1 mg mL− 1 to 8 
mg mL− 1, the current response appeared the maximum current response 
when Ti3C2Tx reaches 5 mg mL− 1, subsequently, the current response 
decreased gradually. But excessive modified materials would lead to 
obstacles of electron transport. Thus, 5 mg mL− 1 was selected as the 
optimum concentration. 

3.3.3. Optimization of pH value of the substrate solution 
Fig. S3B showed that the effect of pH value of PBS for the response of 

cholesterol at the electrochemical biosensor was investigated ranging 
from 5.0 to 8.0. When the pH value increased to more than 7.0, the 
current response of cholesterol decreased, which might be due to the 
potential inactivation of ChOx in overly alkaline PBS solutions. So the 
PBS solution (pH 7.0) was the optimal support electrolyte solution. 

3.3.4. Optimization of the amount of ChOx 
As shown in Fig. S4, with the concentration of ChOx ranging from 

0.05 U μL− 1 to 0.2 U μL− 1, the response current increased continuously. 
When the amount of ChOx continued to increase, the response current 
decreased significantly. It might be that the amount of ChOx was too 
much, which hindered electron transfer and reduced the response value 
of current. Excessive amount of ChOx would reduce the sensitivity of the 
biosensor and seriously affect the detection performance. Therefore, the 
optimal ChOx dosage was 0.2 U μL− 1 in the following test. 

3.4. Determination of cholesterol 

Under optimal experimental conditions, at a scan rate of 100 mV s− 1 

and the potential ranging from 0 to 0.6 V, cholesterol was tested via DPV 
method. As shown in Fig. 4, the peak currents of cholesterol increased 
with the increase of cholesterol concentration, and there was a good 
linear relationship between the peak currents and the concentrations of 
cholesterol in the range of 0.3 – 4.5 nM. Corresponding linear regression 
equation was I (μA) = 0.9366 C × (10− 10 M) + 3.4919 (R2 = 0.9965). 
The LOD was calculated to be 0.11 nM (LOD = 3 × SD/S). SD is the 
standard deviation of the blank sample signal and S is the slope of the 
calibration curve. The sensitivity was 132.66 μA nM− 1 cm− 2. The 
analytical performances of the biosensor in this study and other enzyme- 
based electrochemical sensors in recently reported literature for the 
detection of cholesterol were listed in Table S1. Obviously, the present 
work is suitable for placement among the enzymatic electrochemical 
cholesterol sensors reported with low detection limit and long linear 
range. The excellent performance of the biosensor was attributed to the 
synergistic effects between Ti3C2Tx with large specific surface area and 
good conductivity. Moreover, a number of reactive functional groups in 
Ti3C2Tx can favorably bind to functional groups of enzyme through 
covalent bonds or hydrogen bonds. ChOx remained intact on the elec
trode surface for long periods, which makes the biosensor stable. 

3.5. Interference studies, stability, and reproducibility 

To estimate the selectivity of the fabricated biosensor, there are 
potential interfering substances including sodium chloride (SC), potas
sium chloride (PC), urea acid (UA), bovine serum albumin (BSA), 
glucose (Glu), and lactic acid (LA) in the detection of cholesterol were 
investigated as shown in Fig. 5. It found that no significant interference 
was observed in the presence of these interferences with 4.5 nM 
cholesterol. And the current response in the mixed solution was almost 
the same as that in the detection of cholesterol. Therefore, the Chit/ 
ChOx/Ti3C2Tx/GCE biosensor has a strong anti-interference ability. 

In addition, the long-term stability of Chit/ChOx/Ti3C2Tx/GCE was 
assessed by monitoring 2 nM cholesterol applied for DPV measurements 

Fig. 4. DPV of the Chit/ChOx/Ti3C2Tx/GCE biosensor in different concentra
tions of cholesterol (a–j): 0, 0.3, 1, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 nM, respec
tively, and 1 mM Fe(CN)6

3− /4- containing 0.1 M KCl. Inset is calibration plot of 
cholesterol. 

Fig. 5. The interference of various species in the detection of cholesterol.  

T. Xia et al.                                                                                                                                                                                                                                      



Biosensors and Bioelectronics 183 (2021) 113243

6

intermittently after storage at room temperature for 15 days. As shown 
in Fig. S5, the current response still maintained 98.2% of the initial value 
after 15 days. It indicated that the biosensor had excellent stability. 
Under the same experimental condition, the reproducibility was evalu
ated using five independent Chit/ChOx/Ti3C2Tx/GCE biosensors, which 
were used to determine 3 nM cholesterol. Fig. S6 suggested that the 
relative standard deviations (RSD) of these five individual sensors were 
less than 4.5%, which exhibited excellent reproducibility. 

3.6. Real sample analysis 

In order to further investigate the feasibility of the Chit/ChOx/ 
Ti3C2Tx/GCE biosensor in practical sample analysis, the accuracy of the 
detection was evaluated by the method of spiked recovery (Table 1). The 
cholesterol content of human serum was diluted to 50-fold using PBS 
(0.1 M pH 7.0). It was determined to be 0.674 nM. Compared with the 
standard sample (0.674 nM) experiment, it was observed that the 
amount of cholesterol was found to be 0.713 nM (RSD = 1.47%, n = 5) 
using the fabricated biosensor. 

It could be found from Table 1 that the recoveries obtained from the 
serum samples were 96.3%– 110.2%, meanwhile, the RSD were less than 
4.8%. The results indicated this biosensor based on Chit/ChOx/Ti3C2Tx/ 
GCE had excellent stability and repeatability. Hence, this biosensor can 
be implemented for the rapid and efficient detection of cholesterol in 
practical samples. 

4. Conclusion 

In summary, Ti3C2Tx nanocomposites were prepared by etching 
Ti3AlC2 with HCl and LiF. The synthesized Ti3C2Tx exhibited large 
specific area, biocompatibility, excellent electronic conductivity, and 
good dispersion in aqueous phase, which played an important part in 
electron transfer. Interestingly, the fabricated biosensor of immobilizing 
ChOx based on Chit/Ti3C2Tx showed an outstanding performance for 
cholesterol with a low detection limit of 0.11 nM, and a high sensitivity 
of 132.66 μA nM− 1 cm− 2. Furthermore, this biosensor was applied to 
rapid detection of cholesterol in real sample with good recoveries. 
Recently, in the face of the COVID-19 pandemic, biosensors have 
become particularly important in reducing disease transmission and 
facilitating medical treatment. At present, the biomedical applications 
of some Xenes (e.g., phosphorene) have been widely explored (Tao et al., 
2019; Qiu et al., 2019). Some newly synthesized MXene nanomaterials 
are still at the beginning of their bio-applications, which means that in 
the near future these MXene will have broad application prospects. 
Finally, we firmly believe that the efficient development of MXene 
nanomaterials for the construction of advanced biosensors with high 
sensitivity and selectivity will be a great direction of medical care. 
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