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a b s t r a c t
Multiwall carbon nanotubes-titanium oxide nanocomposite (MWCNTs-TiO2) was formed and used 
as a conductive material for modification of graphite electrode and tyrosinase immobilization. This 
nanocomposite showed good conductivity, and biocompatibility with the enzyme. Under optimum 
conditions, the current response was linear to catechol concentration from 0.2 to 2.7 mM with a 
sensitivity of 85.79 mA/M and a low detection limit of 0.014 µM, the proposed electrode shows good 
reproducibility and long-term stability till 25 d. The prepared biosensor was successfully used to 
measure the catechol in different water samples, with excellent results compared with the spectro-
photometric method, at 95% confidence level.
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1. Introduction

Phenolic compounds are widely distributed in vege-
tables and fruits [1]. They are also formed in a number of 
industries such as plastics, dyes, drugs, resins, pesticides, 
paper, and cellulose industries and released to wastewater 
streams [2]. Phenol derivatives are known to be highly toxic 
to humans and to aquatic organisms. They possess immu-
nosuppressive and carcinogenic properties [3,4], and per-
sistent in the environment and highly resistant to biological 
degradation [1]. As a result, the United States Environmental 
Protection Agency (EPA) and the European Union (EU) have 
included these phenolic compounds in their list of primary 
pollutants [1]. The applications of phenol and its derivatives 
are considered one of the most potential sources of pollution 

which affect aquatic organisms, including algae and aquatic 
spermatophytes [5]. Monitoring these toxic phenols and 
phenolic derivatives is of great importance in environmen-
tal monitoring [6]. Various analytical methods, such as gas 
chromatography, liquid chromatography, fluorometry, and 
capillary electrophoresis, have been used for the determina-
tion of phenol and its derivatives [1]. Most of these meth-
ods are expensive, time consuming, and require professional 
operators. While, biosensors are considered as suitable tools 
for real-time detection of phenols in different sample types 
[5]. Biosensor contains three main parts, the receptor that can 
identify the target molecules among different chemicals, the 
transducer that is responsible for the conversion of biorecog-
nition events into electric signals, and an instrument that will 
record the signals in a readable form [7]. The high selectiv-
ity and catalytic activity of enzyme has led to the formation 
of the electrochemical enzyme biosensor and has become a 
widely used analytical technique [8].
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Enzyme-based amperometric biosensors are suitable for 
measuring phenolic compounds due to their advantages such 
as good selectivity, working possibility in aqueous medium, 
fast responding, relatively low cost of realization and stor-
age and the potential for miniaturization and automation 
[9]. Amperometric biosensors that have been developed for 
phenol and its derivatives are usually prepared with work-
ing electrode including polyphenol oxidases (tyrosinase and 
laccase) or enzyme horseradish peroxidase [10].

Tyrosinase is a binuclear copper containing metallo-
protein (EC 1.14.18.1). Two consecutive steps involving 
molecular oxygen are converted to phenols by tyrosinase. 
Phenol compound is hydroxylated in the first step using 
molecular oxygen to produce o-hydroquinone (catechol), 
which is named as enzyme’s hydroxylase activity (also cres-
olase activity), and catechol is then oxidized in the second 
step to an o-quinone and, simultaneously, tyrosinase is oxi-
dized by oxygen to its original form with the production of 
water, and that is known as enzyme’s catecholase activity 
(Fig. 1) [11].

Macholan and Schane reported the analytical role of 
tyrosinase in biosensor terms by measuring the reduction 
of oxygen in the determination of phenolic substrates [11]. 
Since then, tyrosinase-based biosensors have attracted signif-
icant attention in the monitoring of phenols, such as catechol, 
p-cresol, and phenol [12].

The key point lies in the immobilization procedure of 
tyrosinase on a support matrix that binds the enzyme and 
bare electrode providing efficient electron transport via 
added functional groups or nanoparticles into the compos-
ite structure of the electrode [13]. Otherwise, the quality 
of the electron transfer between the enzyme redox center 
and the electrode can be significantly enhanced by using 
conductive nanoporous structured materials [14].

Carbon nanotube has been applied to construct electro-
chemical biosensors to improve sensitivity due to its remark-
able mechanical, physical, and unique electrochemical 
properties [5,15,16].

The aim of this study is to prepare nanocomposite 
materials which have distinct properties and which were 
not observed in the individual components. The study led 
to the immobilization of tyrosinase on multiwall carbon 
nanotubes-titanium oxide nanocomposite (MWCNTs-TiO2) 

modified graphite electrode (GE) for detection of catechol 
in solution and studying the modified electrode quality and 
accuracy.

2. Material and methods

2.1. Materials

Aluminum oxide, iron(III) nitrate, cobalt nitrate, and 
titanium butoxide were obtained from Sigma-Aldrich and 
were used without further purification. Fresh banana fruits 
were obtained from the markets for extraction of tyrosinase. 
Ammonium sulfate, potassium chloride, sodium monohydro-
gen, and dihydrogen phosphate were purchased from Nasr 
Co., Egypt and used as received. Catechol (approx. 99%) was 
purchased from Sigma-Aldrich, USA. GEs (diameter = 8 mm) 
were from material grade: ST-21, Bay Carbon, INC. (Bay City, 
MI, USA).

2.2. MWCNT preparation

The MWCNTs was synthesized via chemical vapor 
deposition (CVD) of Fe50/Co50 supported by Al2O3 and acet-
ylene as a carbon source. The CVD system consisted of a 
horizontal quartz reactor (Nabertherm B180-70 cm long, 
5.0 cm in diameter) housed in a one-stage cylindrical fur-
nace. The reactor was heated at the rate of 50°C/min to reach 
the desired temperature under nitrogen gas with flow of 
70 mL/min. Acetylene (C2H2) was then passed through the 
reactor tube at the rate of 30 mL/min for 60 min. The flow 
of gases was controlled by a mass flow controller. Then, the 
reactor was cooled under a flow of nitrogen (40 mL/min) to 
room temperature. The grown MWCNT was characterized 
by scanning electron microscope (SEM).

2.3. MWCNTs oxidation

Pham et al. [17] method was used for the oxidation 
of MWCNTs as follows: MWCNTs (0.5 g) was dispersed 
in concentrated H2SO4 and HNO3 (3:1; 80 mL) for 30 min 
using a sonicator. The mixture was then refluxed at 70°C 
for 5 h and washed several times with deionized water 
until the pH reached 7. The carboxylic acid groups func-
tionalized the MWCNTs which was filtered using a 0.2 µm 
PTFE membrane filter and dried (24 h) at 70°C in a vacuum 
oven.

2.4. Synthesis of MWCNTs-TiO2 nanocomposite

The synthesis of MWCNTs-TiO2 nanocomposite was 
made according to Haldorai et al. [18]. 0.5 g of oxidized 
MWCNTs was dispersed in ethanol (250 mL) under sonica-
tion, then titanium butoxide (3.0 g) was added to the solu-
tion and allowed to mix for 30 min at room temperature, then 
deionized water (5 mL) was added and allowed to mix for 
another 30 min, followed by mixture reflux for 6 h and after 
that the product was filtrated, washed, and annealed under 
nitrogen at 400°C for 4 h. The nanocomposite obtained was 
characterized by SEM, Fourier transform infrared (FTIR), 
and energy dispersive X-ray (EDX).
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Fig. 1. Scheme of reaction with tyrosinase.
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2.5. Enzyme extraction

20 g of fresh banana pulp were homogenized in the 
blender in a presence of 0.1 M sodium phosphate buffer 
(PBS) (pH 7). The homogenate was filtered, combined, and 
centrifuged at 30,000 rpm for 20 min at 4°C. The supernatant, 
to be referred to as crude soluble tyrosinase (Tyr) fraction, 
was stored for further use [19].

2.6. Partial purification of crude enzyme by ammonium sulfate 
precipitation

Ammonium sulfate precipitation was used as a purifi-
cation step for the crude soluble tyrosinase. Crude enzyme 
(20 mL) was taken in a beaker and kept over ice bags (4°C) 
and ammonium sulfate (45%) was added. The resulting pre-
cipitate (partial purified) was dissolved in cold PBS and kept 
in the refrigerator for further use.

2.7. Assay of enzyme

0.1 mL enzyme extract was added to 2.9 mL of cate-
chol (100 mM) in 0.1 M PBS (pH-7) solution and a change 
in absorbance at 420 nm was measured using UV-Visible 
spectrophotometer (UV 3600, Shimadzu, Japan) against 
reference (3.0 mL catechol). Change in absorbance was 
recorded every 1 s for 3 min. One unit of Tyr activity was 
defined as the change in absorbance of 0.001 per min-
ute per milliliter of enzyme. Finally, enzyme activity was 
0.187 units/mL. The data were represented as the mean of 
triplicate measurements [20].

2.8. Measurement of specific activity of enzyme

The protein content of the enzyme was determined by 
the modified Lowry’s method [21] and protein quantity 
was 1.12 mg/mL using bovine serum albumin as a standard. 
Specific activity of Tyr was calculated through Eq. (1), and 
expressed in Units/mg of protein and it was 0.166 U/mg 
protein.

Specific activity U mg protein Enzyme activity mL
Protein conc

/ /( ) =
eentration mL/  

 (1)

2.9. Fabrication of MWCNT-TiO2/tyrosinase-modified electrode

The GE surface was polished with 0.3 µm alumina 
slurries, rinsed thoroughly with deionized water, sonicated 
in water and acetone, and air dried. 2 mg of MWCNTs-TiO2 
nanocomposite were dispersed in 5 mL of ethanol using 
ultrasonication for 30 min. 50 µL aliquot of this dispersion 
was dropped on the GE surface and the solvent was evap-
orated at ambient temperature. Then, Tyr was immobilized 
physically by dropping 50 µL aliquot of a partial purified 
enzyme on the modified electrode surface and letting the 
solvent evaporate at room temperature. The enzyme- 
modified electrode was stored in 0.1 M PBS (pH 7) at 4°C 
when not in use. The modified electrode was characterized 
by FTIR [22].

2.10. Electrochemical analysis

Cyclic voltammetric (CV) and electrochemical imped-
ance spectroscopy (EIS) measurements were made using 
a three-electrode system with a potentiostat (Gamry 
Instruments Electrochemical Analyzer, USA). The auxiliary 
electrode was graphite, the reference electrode was Ag/
AgCl, and the working electrode was graphite modified 
with MWCNT-TiO2 nanocomposite and immobilized tyros-
inase. All experiments were performed at 25°C ± 2°C, where 
immobilized tyrosinase had approximately 10°C lower 
optimum temperature than the free one [23,24].

To demonstrate the practical application of the biosen-
sor for catechol determination in tap water and seawater 
sample, seawater sample was collected from Al Anfoushy 
area which is near NIOF institute and was used for quanti-
tative analysis after filtration and pH justified. For unspiked 
tap water and seawater samples, no catechol was observed 
by the developed method and the standard spectrophoto-
metric method. To investigate the performance of the pro-
posed biosensor, several known concentrations of catechol 
(0.2, 0.4, and 0.8 mM) were spiked in tap water and seawater 
samples and measured using the developed biosensor and 
spectrophotometric method using standard Folin–Ciocalteu 
colorimetry [25]. 20 µL of the sample was added into a 2 mL 
glass cuvette containing 1.58 mL of water. 100 µL FC reagent 
was added to the cuvette and mixed thoroughly by invert-
ing and then incubated for 5 min. 300 µL Sodium carbonate 
solution was added, mixed, and incubated for 2 h at room 
temperature. Absorbance at 765 was read against the blank, 
and catechol content in the sample was extrapolated from 
the standard curve between catechol concentration and 
absorbance 765.

3. Results and discussion

3.1. Characterization of MWCNT-TiO2 nanocomposite

TiO2 was deposited on the surface of functionalized 
MWCNT which act as a nucleating site for growth TiO2. 
Annealing was performed at 400°C in the presence of nitrogen 
gas for 4 h producing MWCNT-TiO2 nanocomposite. Fig. 2 
illustrates the morphology and structure of MWCNT and 
the nanocomposite. The scanned image shows that the TiO2 
nanoparticles were found to be homogenously deposited on 
the MWCNTs with minor agglomeration along the MWCNTs 
[22]. The chemical composition of the MWCNTs-TiO2 nano-
composite was examined by EDX (Fig. 2(c)). The results 
confirmed the presence of Ti and O from TiO2 and C from 
MWCNTs in the composite.

Fig. 3 shows FTIR of nanocomposite, which is used to 
investigate the functional groups and the bond between 
the components in nanocomposite. The peak at 1,556 cm–1 
is due to the presence of C–O, COO, and C=O on MWCNT 
after oxidation treatment and the shifting to a lower wave 
number attributed to a strong binding between COO– ion on 
MWCNTs and TiO2 [26], while the peak was at 1,145 cm–1 rep-
resenting Ti–O–C bond assigned to a covalent link between 
titanium oxide and MWCNTs [27]. The peaks were at 422, 
540, and 635 cm–1 representing the anatase phase of titanium 
oxide and the shifting due to a strong bond between titanium 
oxide and MWCNT [26].
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3.2. Intermolecular interaction between MWCNT-TiO2 and 
tyrosinase

The interaction between MWCNT-TiO2 and Tyr was 
studied by IR spectra (Fig. 4). When Tyr was immobilized 
on MWCNT-TiO2 there were some differences in IR spectra 

between MWCNT-TiO2/Tyr/GE and MWCNT-TiO2/GE. The 
intensity of band at 1,647 cm–1 increased due to amide I 
vibration of Tyr [28]. Otherwise, the band at 1,523 shifted to 
1,511 cm–1 and its intensity increased. This was attributed to 
amide II of Tyr [29] and the shifting of the band due to the 
interaction of Tyr and MWCNT-TiO2 nanocomposite with 
the modified GE. There are strong and broad bands between 
3,600 and 3,800 cm–1 corresponding to O–H, N–H vibrations 
of Tyr [30].

3.3. Electrocatalytic activity

The electrochemical phenolic biosensors principle is 
based on the amperometric detection of o-quinone as the 
enzymatic product that is generated from the oxidation 
of catechol by Tyr as catalysis in the presence of dissolved 
oxygen. Thus, the reduction current of the o-quinone is mea-
sured in the current work by the amperometric response, 
and is used to indirectly measure the concentration of phe-
nolic compounds [5]. The enzymatic reaction steps on the 
bioelectrode surface are shown in Fig. 5.

Fig. 6(a) represents the cyclic voltammogram (CVs) 
responses of MWCNTs/Tyr/GE, and MWCNTs-TiO2/Tyr/
GE electrodes in 0.1 M KCl containing 0.1 mM of Fe(CN)6

3–

/4– redox couple (ferricyanide was chosen as a marker to 
investigate the behaviors of different electrodes) in a poten-
tial range –0.2 to 1.2 V. It was observed that there was an 

Fig. 2. (a) SEM of as-grown MWCNT, (b) SEM of MWCNT-TiO2 nanocomposite, and (c) EDX of MWCNT-TiO2 nanocomposite.

Fig. 3. Fourier transform infrared spectroscope (FTIR) of 
MWCNT-TiO2 nanocomposite.
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enhancement in redox peaks for MWCNTs-TiO2/Tyr/GE. 
This was attributed to the fact that the current was enhanced 
when TiO2 nanoparticles coupled with MWCNT as a 
MWCNT-TiO2 nanocomposite-modified electrode, and these 
results were similar to those reported earlier [22]. Ipa/Ipc for 
MWCNT/Tyr/GE, MWCNT-TiO2/Tyr/GE electrodes are close 
to 1, confirming the reversibility of the electrode.

To understand the kinetics of the electron transfer pro-
cess at the MWCNTs-TiO2/Tyr/GE (Fig. 6(b)), CVs of the 
electrode in 0.1 M KCl containing 0.1 mM Fe(CN)6

3–/4– solution 
were performed at scan rates from 20 to 70 mV/s. The anodic/
cathodic peak positions shifted gradually with the increase 
of the scan rate and the separation between anodic and 
cathodic peaks increased. The anodic peak current showed a 
linear increase with the increase of the scan rate, indicating a 
surface-controlled electrode process [31].

3.4. Response toward catechol at the MWCNT-TiO2/Tyr electrode

To evaluate the catalytic activity of Tyr at the modified 
electrodes, it was characterized by a cyclic voltammogram 

in the presence of catechol in the potential range from –0.2 
to 1 V. Fig. 7(a) shows CVs of different electrodes in 0.1 M 
PBS (pH = 7) at 25 mV/s. Ipa of MWCNT-TiO2/Tyr/GE was 
higher than that of MWCNT/Tyr/GE, and this indicates that 
MWCNT-TiO2 is a good support matrix for Tyr immobiliza-
tion; furthermore, the presence of TiO2 with MWCNT in a 
composite improved the electrocatalysis and enhanced the 
response signals of modified electrode by facilitating the 
electron transfer between catechol and the electrode.

Fig. 7(b) shows the CVs of the MWCNTs-TiO2/Tyr/
GE in 0.1 M PBS (pH 7) recorded at different scan rates 
(20–60 mV/s). The cathodic and anodic peak currents 
showed linear increase with scan rates indicated that the 
electrode reaction of Tyr immobilized onto the MWCNTs-
TiO2 nanocomposite corresponded to the process of 
surface-controlled. When the scan rate increased, the oxi-
dation potential of Tyr for direct electron transfer shifted to 
a more positive potential, while the reduction peak poten-
tial shifted to a more negative value as well as the anodic/
cathodic peak separation increased with the scan rate 
increased.

Fig. 4. FTIR of the modified electrodes.

Fig. 5. Possible mechanisms occur on the surface of electrode.
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Fig. 6. (a) CVs of different electrodes in 0.1 M KCl containing 0.1 mM of ferro–ferricyanide solution at a scan rate of 25 mV/s; (b) CVs 
of the MWCNTs-TiO2/Tyr/GC electrode in 0.1 M KCl containing 0.1 mM K3Fe(CN)6/K4Fe(CN)6 solution at various scan rates (from 20 
to 70 mV/s); (c) a plot of the Ipa against scan rate.

Fig. 7. (a) CVs of different electrodes in 0.1 M PBS (pH 7) in presence of 2.5 mM catechol at scan rate of 25 mV/s; (b) CVs of MWCNT-
TiO2/Tyr/GE in PBS (pH 7) in presence of 2.5 mM catechol at various scan rates 20, 30, 40, 50, and 60 mV/s; (c) the plot of the anodic 
peak current versus the potential scan rate.
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3.5. Electrochemical impedance spectroscopy

EIS is a significant technique to detect changes occurring 
on the surfaces of biosensor [7]. In Nyquist plots (Fig. 8), it was 
seen that the electron transfer resistance (Ret) for MWCNT-
modified GE was 78.42 Ω, while the Ret of MWCNT-TiO2-
modified GE was 19.35 Ω, and this was attributed to TiO2 
belonging to semiconductors, which increased the conduc-
tivity of nanocomposite [32]. The value of Ret increased to 
94.28 Ω for MWCNT-TiO2/Tyr/GE and this may be due to 
the low conductivity of the Tyr, which slowed the redox 
reaction of [Fe(CN)6]3–/4–; otherwise, this indicates that Tyr 
was successfully immobilized onto the GCE modified with 
MWCNT-TiO2 [12,25].

3.6. Effect of pH on the determination of catechol

The effect of pH on the current response of the MWCNT-
TiO2/Tyr/GE biosensor was evaluated in the presence of 
2.5 mM catechol solution in a 0.1 M PBS at a scan rate 25 mV/s. 
Since the literature reports that free Tyr loses activity irrevers-
ibly below pH 4.5 and above pH 9 [9], the selected pH range 
was from 5.0 to 8.0. As seen in Fig. 9, the intensity of cur-
rents increased with the increase in pH up to 7.0 and started 
to decrease above pH 7.0. The increase in peak current with 
increase in pH value from 5 to 7 is due to improvement in Tyr 
activity as the hydroxyl groups of catechol were binding with 
copper atoms of the binuclear center of Tyr [29]. While at pH 
higher than 7 the peak current decrease due to denaturation 
of the enzyme and this result is similar to that reported previ-
ously [33]. Therefore, the phosphate buffer solution (pH 7.0) 
was used as supporting electrolyte in this study.

3.7. Effect of catechol concentrations

The relationship between the catechol concentrations 
and the anodic peak current of the biosensor in 0.1 M PBS 

(pH 7) (calibration curve) is shown in Fig. 10(a). From the 
Fig. 10(a), it can be seen that the response current is linear 
with catechol concentrations in the range from 0.2 to 2.7 mM 
following the equation y = 157 + 85.79C with R2 value 
equals 0.964.

3.8. Michaelis–Menten analysis (Lineweaver–Burkplots)

A modified version of the Michaelis–Menten Eq. (2) 
states that

ip i K i Cm
− − − −= + ×( )1 1 1 1

max max [ ]  (2)

where imax is the maximum current at saturated substrate 
concentration, and C is the concentration of substrate in 
mΜ, and Km is the constant of Michaelis–Menten, which is 
calculated by dividing the slope of line by its y-intercept 
(i–1

max) [14]. The linear regression analysis for the catechol is 
ip–1 = 0.00282 + 6.872 × 10–4 with R2 values of 0.9834 (Fig. 10(b)). 
The Km obtained for catechol was 4.11 mM, which is lower 
than that of MWCNT-titania-Nafion [34].

Fig. 8. The Nyquist plots for MWCNT/GE, MWCNT-TiO2/GE, and MWCNT-TiO2/Tyr/GE in the presence of 0.1 M KCl 
solution containing 0.1 mM K3Fe(CN)6/K4Fe(CN)6 applying an AC voltage with 10.0 mV amplitude at a frequency range of 0.2 to 
1.0 × 105 Hz.

Fig. 9. Effect of pH on the peak current.
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The detection limit was calculated as 0.014 mM (three 
times of the standard deviation for the blank solution (n = 3) 
divided by the analytical curve slope), and its sensitivity 
was 85.7 µA/mM, the high sensitivity of the biosensor can be 
attributed to the porous nature of the MWCNT [34]. These 
results were comparable with those reported in the literature 
(Table 1).

3.9. The performance of MWCNT-TiO2/Tyr biosensor

3.9.1. Interference studies

The selectivity of the MWCNT-TiO2/Tyr/GE was tested 
by measuring its response via cyclic voltammetry to some 
organic materials such as vanillic acid, and salicylic acid, 

whose structure are similar to catechol, also ascorbic acid 
and H2O2 which acts as Tyr inhibitor, otherwise minerals like 
Mg2+, Fe3+, and Ca2+ may act as competitor inhibitors to Tyr 
active site. The response currents were obtained by adding 
the interferents into 0.1 M PBS (pH 7.0) containing 0.2 mM of 
catechol, and the ratio of interferents to catechol was 1:1 [4]. 
First of all, the current value of PBS with 0.2 mM of catechol 
was recorded as Ic. Then, the current value of each solution 
containing interferents was marked as Ii. At last, the percent-
age of the interference current value for the catechol current 
value (Ii/Ic × 100%) was shown in Fig. 11. It was observed that 
there was no significant change in the current response in the 
presence of vanillic acid, salicylic acid, Mg2+, and Ca2+, while 
ascorbic acid and Fe2+ caused some interference. This might 
be related to ascorbic acid being one of the enzyme inhibitors, 
which might reduce the Tyr activity [35].

3.9.2. Repeatability, reproducibility, and shelf life of biosensor

To evaluate the repeatability of the MWCNTs-TiO2/Try/
GE electrode, 15 cycles of CVs were carried out using 0.2 mM 
of catechol in 0.1 M PBS. The plot of the anodic peak current 
versus its number of cycles (Figs. 12(a) and (b)) showed that 
the peak current fell by 8.7% during 15 cycles, represents the 
high stability of the electrode. The reproducibility of the bio-
sensor was demonstrated via measurement of the CV peak 
current changes (Fig. 12(c)) of five different electrodes during 
the detection of 0.2 mM of catechol. The relative standard 
deviation (RSD) was calculated as 1.18%, indicating the good 
reproducibility of the electrode. The shelf life of MWCNT-
TiO2/Tyr/GE, stored at PBS pH 7 at 4°C, was tested for up 
to 25 d by monitoring the peak current produced by 0.2 mM 

Fig. 10. (a) Calibration plot of catechol at the MWCNTs-TiO2/Tyr/
GE in 0.1 M PBS (pH 7), (b) Line weaver–Burk plot.

Table 1
Comparison between MWCNT-TIO2/Tyr biosensor and other tyrosinase biosensor for catechol determination

Electrode Linear range Low detection limit Sensitivity Reference

Tyr-IL-MWCNT-DHP/GCE 4.9–1,100 µM 0.58 µM 32.8 mA/M [11]
Tyr-PAPCP/ITO 1.6–140 µM 1.2 µM – [35]
Agarose-guar gum entrapped 
tyrosinase

60–800 µM 6 µM – [36]

Tyr-MWCNT-MNP/SPE 10–80 µM 7.6 µM 4.8 mA/M [37]
MWCNT-TiO2

–/Tyr/GE 0.2–2.7 mM 0.014 mM 85.7 mA/M This work

Fig. 11. Interference test of the electrode with 0.2 mM catechol in 
the presence of various interferents.
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catechol solution every 3–5 d. The biosensor showed a stable 
response up to 25 d with an RSD of around 5.17% (Fig. 12(d)). 
The stability of this biosensor during this working period 
was higher than the biosensor with other complex matrices 
such as Fe3O4 MNPs-CNTs/Tyr [38] and TiO2/CeO2/Tyr [39] 
and this is related to the good entrapment of the enzyme 
within the MWCNT-TiO2 matrix as well as the good chemical 
stability of nanocomposite.

3.9.3. Real sample analysis

To demonstrate the practical application of the biosensor 
for catechol determination in tap water and seawater sam-
ple, seawater sample was collected from Al Anfoushy area 
which is near NIOF institute and was used for quantitative 
analysis after filtration and pH justified. For unspiked tap 
water and seawater samples, no catechol was observed by 
the developed method and the standard spectrophotomet-
ric method. To investigate the performance of the proposed 
biosensor, several known concentrations of catechol (0.2, 0.4, 
and 0.8 mM) were spiked in tap water and seawater samples 
and measured using the developed biosensor and spectro-
photometric method.

For each sample, three determinations were performed, 
and the standard deviations were reported (Table 2). The 
results obtained by both methods were subjected to the paired 
t-test [11] and the t value calculated (1.65) was lower than 
the critical value (2.015, p = 0.05). Therefore, we can conclude 

Fig. 12. (a) CVs of the MWCNTs-TiO2/Tyr/GE for 15 multiple cycles to detect 0.2 mM catechol at a scan rate of 25 mV/s; (b) anodic 
peak current of the MWCNTs-TiO2/Tyr/GE for 15 multiple cycles to detect 0.2 mM catechol at a scan rate of 25 mV/s; (c) anodic peak 
currents of five different MWCNTs-TiO2/Tyr/GE to detect 0.2 mM catechol at a scan rate of 25 mV/s, and (d) shelf life of the MWCNTs-
TiO2/Tyr/GE after 25 d.

Table 2
Determination of catechol in water samples using the MWCNT-
TiO2/Tyr/GE biosensor and spectrophotometric method

Sample Catechol 
added

Catechol 
concentration 
(mM) by 
biosensor 
(means ± SD, n = 3)

Catechol 
concentration 
(mM) by 
spectrophotometer 
(means ± SD, n = 3)

Seawater 1 0.2 mM 0.22 ± 0.014 0.23 ± 0. 0122
Seawater 2 0.4 mM 0.42 ± 0.0104 0.42 ± 0.01
Seawater 3 0.8 mM 0.86 ± 0. 0143 0.85 ± 0.011
Tap water 1 0.2 mM 0.23 ± 0.016 0.24 ± 0.013
Tap water 2 0.4 mM 0.42 ± 0.01 0.42 ± 0.02
Tap water 3 0.8 mM 0.83 ± 0.022 0.85 ± 0.012
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that there was no difference between the two methods at a 
confidence level of 95%. This demonstrates that MWCNT-
TiO2/Tyr/GE biosensor is appropriate for the determination 
of catechol in water samples.

4. Conclusion

In this study, Tyr enzyme was successfully immobilized 
in MWCNT-TiO2/GE. The use of MWCNT and TiO2 in a 
nanocomposite increased the conductivity, electrocatalytic 
activity as well as the analytical signal. The MWCNT-TiO2/
Tyr/GE biosensor was applied to determine catechol by a 
simple and inexpensive method with linear range from 0.2 
to 2.7 mM and a detection limit of 0.014 µM, exhibiting high 
stability and long lifetime. The MWCNT-TiO2/Tyr/GE bio-
sensor was applied to determine the catechol in tap water 
and seawater samples with good results. Moreover, the 
application of the proposed biosensor may be an acceptable 
methodology to immobilize other enzymes or proteins.
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