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Abstract
In this present research, we have grown the well aligned, perpendicular to the substrate and highly dense ZnO 

nanorods on the gold coated substrate by using the hydrothermal growth method. The ZnO nanorods were functionalized 
by immobilizing the ascorbate oxidase enzyme with cross linking molecule 3-glycidoxypropy1trimethoxysilane 
(GPTS).The electrochemical measurements were carried out through using potentiometric technique, we observed 
that the output response exhibited by the biosensor to the wide linear dynamic range concentration of L-ascorbic 
acid from 1×10-6 to 5×10-2 M with good sensitivity of 32 mV/decade. Moreover the biosensor showed excellent fast 
response time less than 10 seconds, better selectivity, repeatability, reproducibility and no significant interference to 
the common interfering ions such as potassium K+1, sodium ions Na+1, calcium ions Ca+2, glucose, fructose, and zinc 
ions Zn+2 etc. except slight interference with copper  Cu+2 ions. 

Keywords: Zinc oxide nanorods; Enzyme ascorbate oxidase; Potenti-
ometric nanosensor; Nanodevices, 3-glycidoxypropy1trimethoxysilane 
(GPTS). 

Introduction
The vitamin C which is also called L-ascorbic acid with chemi-

cal name is vital for the human health due to its determined excellent 
properties [1-3]. By just keeping aside its participation in making of 
collagen, ascorbic acid rises the soaking up of iron, plays a key role 
in the metabolism of folic acid, some amino acids, hormones and to 
behave as an antioxidant [4]. Moreover the measuring of the ascorbic 
acid in different synthetic and natural foods, drugs, and physiologi-
cal samples is quite crucial for monitoring the level of ascorbic acid. 
Several techniques were used for the determination of ascorbic acid, 
which includes spectrometry [5,6], titration [7], the electrochemical 
[8], and enzyme based potentiometric. Among all above methods the 
potentiometric based enzyme technique has many advantages includ-
ing low cost, highly selective, sensitive, and more accurate and giving 
very quick response to the analyte [9-11]. Currently researchers are 
paying more attention on electrochemical sensors based on different 
nanostructures of various materials. ZnO has the many favourable ad-
vantages over other nanomaterial’s for biological sensing because of 
its good properties including wide direct band gap (3.37 eV) and high 
exciton binding energy (60 meV). The structure of ZnO is periodic ar-
rangement of Zn+2 and O-2 ions in tetrahedral fashion and parallel along 
the c-axis [12] and two planes of structure with different polarity and 
surface relaxation energies. ZnO has the polar surfaces, permanent 
dipole moment and polarization along the c-axis due to the positive 
charge of zinc-(0001) and negative charge of O-(0001). The size of 
these nanostructures is of same magnitude to that of the biological and 
chemical components which are to be detected, and are quite suitable 
for transducer to produce the electrical signals. Moreover, ZnO possess 
large ionic bonding (60%) and its solubility is too low at biological pH. 
ZnO nanostructures offer well selective adhesion with enzymes as well 
as membranes in many of the electrochemical bio-sensing processes. 
Based on such peculiar properties of ZnO nanosensor which demon-
strated strong output signals, good catalytic and also allowing the quick 
flow of analyte through the sensors. The high surface to volume ratios of 
ZnO nanorods make them promising candidate for the highly sensitive 
nano-chemical sensors [13,14]. ZnO nanorods are n-type semiconduc-
tor nanomaterial and their electrical transport is based on the adsorp-
tion/desorption phenomenon of surface binding chemical components 

[15-20]. The number of one-dimensional (1D) ZnO nanostructures 
including nanorods, nanowires and nanotubes etc., have been prepared 
by various techniques and nano-devices based on these nanostructures 
have been used for electric field-effect switching [21], single electron 
transistors [22], biological and chemical sensing [23] and luminescence 
[24] and etc. 

The enzyme ascorbate oxidase is chemically proteinases in nature 
with 8 g atoms per mole of enzyme [25], for binding it has three vari-
ous coordination sites. In first step, copper is bonded to two imidazole 
groups through the nitrogen and sulphur of cysteine, due to this com-
plex formation ascorbate oxidase possess light blue colour. In second 
step, copper produces’ bond with two imidazole groups and in step 
III three histidines are bonded to every copper [26-28]. The reaction 
mechanism of ascorbate oxidase with L-ascorbic acid in presence of 
oxygen is given as under [4]: 
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In above two equations, Enzox and Enzred are the oxidized and re-
duced modes of enzyme; Asc represents the ascorbic acid (the substrate) 
and P is ascorbate radical intermediate product. Due to above chemi-
cal reaction evidence, a potentiometric biosensor may be proposed in 
which the change in potential can attributed to the reduction of Cu+2 to 
Cu+1 on the enzyme .Because of the accumulated ascorbate ions on the 
surface of electrode, the electron density around the electrode changes, 
which is detected by transducer. The ascorbate oxidase in pure state is 
largely used in the detection of L-ascorbic acid [29-32]. Nevertheless-
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ness ascorbate oxidase is present in the fruits of the cucurbitaceous class 
and the amount of ascorbate oxidase enzyme is more in the epicarp of 
the fruit [33].The naturally occurring source of enzyme ascorbate oxi-
dase is cucumber which yields high amount of enzyme. There are num-
ber of methods used to immobilize the ascorbate oxidase on the surface 
of working biosensors including the use of PVC membrane localised 
onto graphite/epoxy electrode surface to immobilize the enzyme [34-
36], EVA membrane fixed onto the surface of biosensor followed by the 
immobilization of enzyme [37-40], and covalent linkage methods. In 
surveying the literature about the potentiometric based biosensor for 
L-ascorbic acid, it is found that there are difficulties in making the sen-
sitive membranes and also in the selectivity [41,44], but in this research 
work we are using the cross linking molecules 3-glycidoxypropy1trime-
thoxysilane (GPTS) in combination with ascorbate oxidase.

In present study, we have successfully developed a biosensor based 
on the functionalised ZnO nanorods for potentiometric determina-
tion of L-ascorbic with good selectivity, stability, sensitivity and fast 
response time.

Experimental Section 

Material

The d-glucose, l-glucose-fructose, potassium chloride (KCl), so-
dium chloride (NaCl), potassium hydrogen phosphate (K2HPO4), so-
dium dihydrogenphosphate (NaH2PO4), calcium chloride (CaCl2), zinc 
nitrate [Zn(NO3)2], hexamethylenetetramine/ascorbic acid (A0157), 
and ascorbate oxidase with activity in between 1000 to 3000 units per 
mg protein (5960) and then, the 3-glycidoxypropy1trimethoxysilane 
(GPTS) purchased from sigma Aldrich Sweden. All other chemicals 
used were of analytical grad.

The fabrication and preparation of sensor electrodes

We have fabricated the sensor electrodes utilizing the glass sub-
strates coated with gold then followed by the growth of ZnO nano-
rods. All processing steps for the preparation of sensor electrodes are 
described as: firstly the glass substrates were sonicated in ultrasonic 
bath for about 10 min in isopropanol then cleaned with deionizes water 
and in last dried by the nitrogen gas. Then these glass substrates were 
affixed into vacuum chamber of an evaporator instrument (Satis CR 
725). After this an adhesive layer of 20 nm of titanium was evaporated 
on the substrates and then a 130 nm thickness layer of gold thin film 
was evaporated. For the growth of ZnO nanorods on these substrates, 
we followed the low cost, simple and low temperature method which is 
commonly called aqueous chemical growth (ACG).

The process of growth was followed as: We cleaned the gold coated 
glass substrates with deionize water and dried by nitrogen gas. In order 
to grow the well aligned ZnO nanorods first we produced a uniform nu-
cleation layer of zinc acetate on the substrates by using the spin coating 
technique at 2000 rpm for 25 seconds. Then substrates were annealed 
in oven at 150 °C for 20 minutes. When the annealing process was com-
pleted then the substrates were hold onto Teflon sample holder and kept 
in the 0.075 M solution of  zinc nitrate and hexamethylenetetramine 
for about 5 to 7 hours in oven at the 95 °C constant temperatures. Af-
ter the completion of growth process, the samples were taken out from 
oven and washed with deionized water in order to remove the residual 
particles  and dried by nitrogen gas. For the study of morphology of 
grown ZnO nanomaterial, we used the field emission scanning electron 
microscopy (FESEM). We observed that the grown ZnO nanorods are 
vertically oriented, highly dense and well aligned as shown in Figure 1a. 

Immobilization of the enzyme

We prepared the five sensor electrodes by immobilizing the enzyme 
ascorbate oxidase in conjunction GPTS (a crosslinking molecule). The 
following immobilization procedure was carried out as: Firstly about 
20% GPTS solution was prepared in toluene and drop wise this solution 
was dropped onto the surface of grown ZnO nanorods then the elec-
trodes were left into oven for about one hour at 70 °C. Then unbound 
GPTS molecules were removed by using the 10mM phosphate buffer 
solution (PBS). After that the electrodes were immersed into ascorbate 
oxidase solution for 3 minutes. The ascorbate oxidase solution was pre-
pared in the phosphate buffer, having concentration 2mg/ml. After im-
mobilization process, the sensors were kept at 4 °C in refrigerator for 
about 20 hours in order to make sure about firm binding of ascorbate 
oxidase with ZnO nanorods and completion of immobilization process 
[45].
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Figure 1(a-c): Typical field emission scanning electron microscopy (FESEM) 
images of ZnO nanorods grown on gold coated glass substrate using hydro-
thermal growth method. Figure (a) showing the ZnO-nanorods as grown (b) 
with immobilized ascorbate oxidase enzyme (c) and same used biosensor.
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The FESEM images of  ascorbate oxidase immobilized ZnO nano-
rods are shown in Figure 1b. The electrochemical measurements were 
performed through potentiometric technique, in which the ascorbate 
oxidase immobilized ZnO nanorods biosensor electrode was used as 
working electrode and Ag/AgCl as a reference electrode by Metrohm 
pH meter (model 827). All biosensor electrodes were preserved at 4 °C 
when not in use.

Ellipsometric analysis: The purpose of using this technique was 
to know about the thickness of different layers produced on the gold 
coated substrates. During this measurement we found that the thick-
ness of grown ZnO nanorods onto the gold coated substrate was about 
99.10±2.88 nm and it was observed that the grown ZnO nanorods are 
almost uniform throughout the substrates. The thickness of ZnO nano-
rods after the immobilization of crosslinking molecules was observed 
103.12±0.18 nm. After the immobilization of crosslinking molecules 
onto the ZnO nanorods then the same substrate was dipped into the 
enzyme solution and dried, then the thickness was obtained 121.00 
±7.26 nm.

Results and Discussions
Figure 2 illustrates the electrochemical response of biosensor to dif-

ferent L-ascorbic acid concentrations when the proposed sensors were 
tested into the test electrolyte solutions and the biosensor followed very 
well to Nernst equation. 

10
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When the sensor electrodes were exposed to the test solution then 
the immobilized ascorbate oxidase on ZnO nanorods makes more cata-
lytic enhancement to oxidize the l-ascorbic acid into dehydro-ascorbic 
acid (DAA),after that hydrogen ions and two electrons are produced 
into the analyte solution resulting to produce a stable response at the 
output. Whenever the concentration of hydrogen ions around the sur-
face of ZnO nanorods is varied then the potential difference (EMF) 
between the working biosensor and reference electrode (Ag/AgCl) 
changed. The electrochemical response of l-ascorbic acid biosensor is 
mainly dependent on the efficiency of ascorbate oxidase to catalyse the 
L-ascorbic acid. The oxidation reaction of ascorbic acid in presence of 

ascorbate oxidase clearly demonstrates that the generation of hydrogen 
ions into the testing solution can be helpful for the detection of ascorbic 
acid from different samples of food and biological samples. When the 
concentration of produced charges varies onto the surface of immobi-
lized biosensor then the change in potential was observed [47]. During 
the investigations, the electrochemical response in different concentra-
tions of ascorbic acid test solution prepared in PBS ranging 0.5µM to 
50 mM calibrated following the standard procedure as shown in Figure 
2. It can be seen from Figure 2 that the proposed biosensor exhibited 
wide linear output response (EMF) versus the logarithm concentration 
of ascorbic acid solution with a sensitivity slope of 32 mV/decades form 
the concentration range of 1×10-6to 5×10-2 M.

Figure 2 is showing the calibration curve of the ascorbate oxidase 
immobilized ZnO-nanorods biosensor electrode i.e. the electrochemi-
cal response (EMF) at different L-ascorbic acid concentrations (1×10-6 
to 5×10-2 M) with Ag/AgCl reference electrode. 

Performance evaluation of the sensor 

In order to judge the performance of biosensor it is very necessary 
to examine the various properties of biosensor including concentration 
range of analyte, sensitivity, selectivity, stability, reusability, reproduc-
ibility, response time, and detection limit etc. The reproducibility is one 
of the parameters for studying the consistency in response of biosensor 
to analyte concentration. For this purpose we prepared five biosensor 
electrodes under the same set of conditions. During the measurements, 
it has been observed that all biosensor electrodes revealed a good repro-
ducibility when they were exposed into the 0.05mM ascorbic acid solu-
tion with relative standard deviation less than 5% as shown in Figure 3. 

Figure 3 is representing the biosensor to biosensor reproducibility 
in 5×10-5 M L-ascorbic acid solution.

Moreover, we studied the reusability of this proposed biosensor by 
conducting three experiments by using the same biosensor electrode for 
three successive days. During the experiments, after each measurement 
we immersed the biosensor into PBS for 5 minutes in order to remove 
the attached particles from last measurement, so that it can response to 
next measurement an accordingly. After this biosensor electrode was 
dried and kept at 4°C when not in use. The proposed biosensor revealed 
a good repeatability working activity as shown in Figure 4.
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Figure 2: Calibration curve using enzyme immobilized ZnO-nanorods based 
biosensor electrode representing the electrochemical response (EMF) at dif-
ferent l-ascorbic acid concentrations 1×10-6 to 5×10-2 M with Ag/AgCl reference 
electrode.
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Figure 3: Calibration curve representing the biosensor to biosensor reproduc-
ibility in 5×10-5 M ascorbic acid test solution.
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In Figure 4 the Calibration curves representing the biosensor re-
peatability at room temperature at the span of 2-3 hours of l-ascorbic 
acid solution from 1×10-6 to 5×10-2 M concentration range.

In order to study the effect of pH on the ascorbate oxidase immo-
bilized ZnO nanorods, we observed the morphological change by us-
ing the FESEM, the ZnO nanorods after the usage were little damaged 
from the upper part due to the change in the pH of ascorbic acid solu-
tion during the measurement as shown in Figure 1c. For pursuing the 
effect of pH on the morphology of immobilized ZnO nanorods and 
output response of the proposed biosensor, we performed the experi-
ments in pH range from 3 to 12.We examined that the EMF response 
of biosensor gradually increases up to pH 5 [10] and after that it tends 
to decrease because of the less stability of l-ascorbic acid in neutral or 
alkaline solution [47,48] as shown in Figure 5. Furthermore it is already 
investigated that biosensor interferes with anomeric carbon of few sug-
ars, hence the Cu+2 of ascorbate oxidase have the chance to react with 
carbonyl group of aldehyde groups an accordingly to the Fehling re-
action [49]. Although the biosensor exhibited maximum response at 

pH 5 but we performed all experiments at pH 7 because of dissolving 
phenomenon of ZnO nanorods in acidic medium [50]. In addition we 
also observed the effect of ionic strength of buffer solution, for this task 
we had prepared buffer solutions of different molarity and found no 
significant effect on the biosensor response.

The effect of temperature on the response (EMF) of biosensor was 
evaluated at different temperature from 23 °C to 75 °C. It was exam-
ined that with increase in temperature, the response of biosensor also 
gradually increases and about at 55°C, it has shown the maximum re-
sponse. However, the enzyme ascorbate oxidase showed very resistive 
nature at high magnitude of temperature [51], but also showed some 
unstable response at the output. Therefore, we carried out experimental 
measurements at 23 °C temperatures in order to obtain stable response 
and protect the enzyme from denaturation as well as for the ease in ex-
perimental set up which also enhanced the storage life of the presented 
biosensor. 

The back bone parameter for assessing the performance of enzyme 
based biosensor is the selectivity towards to be sensed analyte and the 
response of biosensor should not be affected in the presence of interfer-
ing species. Moreover, in fruits, foods and biological samples contains 
potassium ions, sodium ions, zinc ions, calcium ions, glucose, fructose, 
copper ions etc. in considerable amount, which can influence on the 
response of biosensor. We demonstrated this part of our research using 
mixed method for the inference of calcium, potassium, zinc, glucose, 
sodium, copper etc., ions in mixing with ascorbic acid solution in rang-
ing from 1×10-6 to 5×10-2 M and we observed no significant effect on 
the response of proposed biosensor except copper ion which slightly 
interfered with the ascorbate oxidase when the concentration of testing 
solution was changed from 1×10-6 to 5×10-2 M as shown in Figure 6. 
This response of ascorbic acid based on ZnO nanorods towards copper 
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Figure 6: representing influence of different interfering ions on the output re-
sponse of proposed biosensor.

interference ion -log K
Glucose 4.53

Ca2+ 3.98
Na1+ 4.87
Zn2+ 5.12
Mg2+ 4.75
K1+ 4.87

Cu2+ 4.50

Table 1: Selectivity coefficient for proposed biosensor with interfering ions.
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ion can be attributed due to the redox mechanism inside the solution 
during the measurement. We also determined the selectivity coefficient 
( min ,

pot
vita C ionK ) using the separation method as given in Table 1. The po-

tentiometric response of ascorbic acid biosensor based on ZnO nano-
rods with above interfering species in 10-4M solution of ascorbic acid is 
given Table 1. The calculated selectivity coefficient is more likely higher, 
so this proved that the proposed ascorbic acid biosensor behaves very 
well under the considerable amount of individual interfering substance. 
From those two different experiments, we found that  this is a good be-
haviour of the proposed biosensor against the interfering components 
and can be applied for the monitoring of ascorbic acid in food, biologi-
cal samples and clinical purpose. In addition to the selectivity of pro-
posed biosensor, we studied the response time of biosensor in various 
concentrations of ascorbic acid and biosensor exhibited a very sharp 
response time less than 10 seconds as shown in Figure 7.          

We have assessed the stability of proposed biosensor in doing the 
number of experiments alternatively for three weeks and biosensor 
were kept at 4 °C when not in use .It has been investigated that biosen-
sor maintained enzymatic activity about 90 % with respect to the actual 
activity and it showed a good storage stability for its long life time.We 
compared the response our proposed biosensor with already existing 
biosensors as given below in Table 2. By comparing the performance of 
present proposed ascorbic acid biosensor based on ascorbate oxidase 
immobilized ZnO nanorods with already reported in literature as given 
in Table 2. It can be visualized from Table 2 that ZnO nanorods based 
ascorbic acid has wide linear range of detection, fast response time and 
better sensitivity. The growth of ZnO nanorods was carried out onto 
the gold coated glass substrates with enhanced stability and there, those 
nanorods were exposed for favorable adsorption of ascorbate oxidase 
because of their high surface to volume ratios, then the adsorbed ascor-
bate oxidase was fully in contact with the ascorbic acid solution, due to 
this the efficiency of biocatalyst was highly improved. Furthermore, the 
ascorbic acid biosensor based on ZnO nanorods demonstrated good 
selectivity towards ascorbic acid, reproducibility, and stability.

Conclusion 
In the present work, we have functionalized the ZnO nanorods with 

ascorbate oxidase enzyme in combination with GPTS as crosslinking 
molecules for ascorbate oxidase using direct physical adsorption meth-
od. It has been successfully demonstrated that the proposed biosensor 
has wide linear dynamic concentration range 1×10-6 to 5×10-2 M for the 
detection of vitamin C and with a high selectivity towards the ascor-
bic acid with no significant interference in the presence of common 
interfering ions such as, K+1, Na+1,glucose, Ca+2 and Cu+2 . The proposed 
biosensor showed a good sensitivity of 32 Mv/decade and fast response 
time less than 10 seconds. In addition, biosensor retained the good en-
zymatic activity for more than three weeks due to strong electrostatic 
interaction of ascorbate oxidase with ZnO nanorods. All above qualities 
of ascorbate oxidase based ZnO nanorods biosensor for ascorbic acid 
make its favorable applications for the determination and monitoring 
of vitamin C in food, drugs and real samples.
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