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Abstract - In this work, an innovative, low cost and biodegradable paper-based electrochemical biosensor for the 
determination of glucose is reported. The novel biosensor was fabricated by immobilizing glucose oxidase(GOx) on screen 
printed carbon electrodes. The electrochemical behavior of the biosensor was studied using cyclic voltammetry(CV), 
showing that the developed biosensor possessed high heterogeneous electron transfer rate constant(1.72×10-

3).Thebiosensorexhibited good amperometric responsestoward glucose, with a wide linear range up to 10 mM with R2is 0.98 
and the sensitivity is 0.68µA mM−1. The parallel measurements of 5mM glucose by eight different sensors had a low relative 
standard deviation of 5.56%, suggesting its good reproducibility. In the interference studies, there wasno significant 
difference after addition ofascorbic acid or uric acid. It retained 94.6% of its initialresponse after a storage period of ten days 
in 4°C, indicating that thispaper-based electrochemical biosensor had good stability. 
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I. INTRODUCTION 

 
Diabetes mellitus has been a huge threat to human 
health, therefore, fast and accurate detection of 
glucose has great significancein further reducing the 
incidence of diabetic 
complications[1].Disposablebiosensorhas become the 
mainstream in glucose monitoring because of  
itsrapid, convenience compared with the glucose 
measurementin hospital[2].Variousbiosensor 
electrode fabrication techniques have been reported in 
the literature,including rolling, sputter 
deposition[3]and screen printing techniques[4, 5]. 
Typically, a disposable biosensor is based on a screen 
printed electrode. 
Screen printed technology consists of layer-by-layer 
depositions of paste or ink upon a solid substrate, 
through the use of a screen or mesh, defining the 
geometry of the sensor. This technology has 
advantages of design flexibility, process automation, 
good reproducibility, a wide choice of 
materials[6].The biosensors usually print on various 
types of substrates, but most disposable biosensorsare 
made by ceramic substrates or non-degradable plastic 
materials, such as PC, PVC and PET which are facing 
the challenge in medical waste pollution or recycling 
problems. 
Cellulose paperhasmany advantages, such as 
largesurfacearea, low cost, high abundance, 
biocompatibility, disposability, especially in 
degradability and green recycling[7]. Paper-based 
electrochemical biosensor platform represents a new 
generation of point-of-care diagnostic devices. It 
alsohas the same advantageswith paper, such as low 
cost, disposability and biodegradability. 

Herein,we report a novel paper-based disposable 
electrochemical biosensor forglucose detection.The 
heterogeneous electron transfer rate constant of the 
paper-based biosensor has been investigated by 
electrochemical cyclic voltammetry for the first time. 
The glucose oxidase immobilized on the surface of 
biosensor by physical adsorption has been further 
used for the detectionglucose. The selectivity, 
reproducibility and stability of the paper-based 
electrochemical biosensor have also been studied in 
detail. 

 
II. EXPERIMENTAL SECTION 
 
2.1. Reagents and materials 
Glucose oxidase (GOx, from Aspergillus niger, Type 
X-S, lyophilized powder, 100 000–250 000 units/g 
solid), purchased from Sigma-Aldrich. Potassium 
ferri(III)cyanide(K3[Fe(CN)6], ≥99%),β-D-glucose, 
carboxymethylcellulose sodium (CMC) was 
purchased from Tianjin Fuchen Chemical Reagents 
Factory. Glycerol, ethylene diamine tetraacetic acid 
(EDTA)were purchased from Amresco. Hydrochloric 
acid (HCl, 36~38%), Sodium hydroxide (NaOH, 
96%), acetoneandethanol were supplied from Beijing 
Chemical Reagent Company. All the chemicals used 
in this work were of analytical grade and were used 
as received without further purification. All solutions 
were prepared with deionizedwater of resistivity 
noless than 18.2 MΩcm. 
 
2.2. Fabrication of paper-basedbiosensor 
Paper-basedcarbon electrodeswerefabricated with 
screen-printing machine then heated to cure at 71°C 
and 121°C for 30 minutes, respectively. Then, 
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thepotassium ferri(III)cyanidesolutionwas dropped 
upon the surface of the electrodes then heated to cure 
at 30 °C for 30 minutes. Then, the 
glucoseoxidasewhichcontain1.5mMofethylene 
diamine tetraacetic acid(EDTA), 1% glycerol and 
0.05g mL-1carboxymethylcellulosesodium (CMC) 
wasimmobilized on the electrode bydrop 
coating.The finalproductswere stored in 4°C. The 
schematic representation of paper-based 
electrochemical biosensor is shown in Fig.1. 

 
Fig.1. Schematic representation of paper-based electrochemical 

biosensor. 
 
2.3. Characterization 
Scanning electron microscopic images of the paper-
based biosensor were measured with a field emission 
scanning electron microscope at 10 kV (HitachiS-
4800,Japan).All electrochemical measurements were 
performed on a CHI400 electrochemical analyzer 
(CH Instruments, Inc., USA). The cyclic voltammetry 
was performed cycling the electrode in a range of 
potential between −1.0 and +1.0 V, with a scan rate 
of 50 mVs−1. 

 
III. RESULTS AND DISCUSSION 
 
3.1. Surface characterization 
The electrode surfaces displayed a configuration with 
randomly oriented flake-like graphite particles 
ensemble into an insulator matrix as shown in 
Fig.2.TheSEMimagerevealedarelativelymoreporousst
ructureandreducedpolymericbinderindicatingthattheel
ectrodes with the largest electro-active surface exhibit 
faster electron transfer rates. The result is consistent 
with the reported literature[8]. 
 

 
Fig.2. Scanning electron micrographs of paper-based biosensor. 

3.2. Cyclic voltammetry 
Voltammetric behavior of the paper-based biosensor 
was examined with potassiumferri(III)cyanideredox 
probes in PBS solutions, pH 6.5. All experiments 
were performed at room temperature on biosensor 
and each biosensor was used in a single assay. The 
results showed the diffusional process occurring at 
the electrode surface from the linear-ship of plotted 
(Fig.3)current (Ip) againstsquare root of scan rate 
(v1/2). The heterogeneous electron transfer rate 
constant(ks) was calculated to be 1.72×10-3, by 
Nicholson method[9]. ks value was larger than 
polyester SPE(7.26×10-4) [10], ultra-inH(3.9×10-4) 
[11] and commercial zensor TE100(2.5×10-4) [12]. 
The large ks value showed paper-based 
electrochemical biosensor could replace the plastic-
based electrochemical biosensor.  

 
Fig. 3. Cyclic voltammagrams in different scan rate. 

 
3.3. Effect of pH 
Theimpact of the pH buffer is vital to the sensitivity 
of thebiosensorsas the pH influences the bioactivity 
of the GOx [13]. As can be seen fromthe results as 
illustrated in Fig. 4, the paper-based biosensor 
exhibited an optimum response at pH 7.0 over a pH 
range 4.0 to 10.0 in0.05 M PBS investigated in the 
presence of 5 mM glucose. The resultsobtained in this 
experiment were consistent with previous 
studies[14].The immobilization process could alter 
the microenvironment of the enzyme resulting in a 
change of the charge distributionof the enzyme 
surface, thus shifting the optimum pH of the 
immobilized GOx to pH 7.0 from pH 4.0 of the 
soluble free enzyme[15]. 

 
Fig. 4. Effect of pH on the paper-based biosensor response 
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3.4. Paper-based biosensor response characteristics 
By employing the optimum pH condition, 
thecalibration curve for the response of sixdifferent 
glucose solution using eight different biosensors, 
exhibiting a linearrelationship(Fig.5) was observed 
between 0 to 10 mM. The linear regression equation 
was y=0.68x+13.81, where y signifies the current in 
µA and x is the glucose concentration in mM with 
R2valuewas found to be 0.98 and the sensitivity is 
0.68µA mM−1.In addition, the relative standard 
deviation (RSD) of the biosensorresponse to 5 
mMglucose was 5.56% (n=5) obtained at a typical 
biosensor, indicating good reproducibility ofthe 
measurement. 

 
Fig. 5. The detecting curve of glucose test. 

 
3.5. Interference and stability studies 
The effect of potential interference on the response of 
the paper-based biosensor was evaluated in 0.05 M 
PBS (pH 6.5) containing5 mM glucose(Glu). Fig. 6 
showed thatthere wasno significant difference in the 
current after addition of 0.15 mM ascorbic 
acid(AA)or 0.1 mM uric acid(UA).The storage 
stability of the biosensor was investigated at 4°C. The 
response of the paper-based biosensor as a function 
ofthe storage timewas as shown in Fig.7. It retained 
94.6% of its initialresponse after a storage period of 
ten days indicating that thispaper-based biosensor had 
good stability. 
 

 
Fig. 6. The interference effect of detection glucose 

 
Fig. 7.Stability of the paper-based biosensor stored at4°C. 

 
Hence, the analytical performance of our biosensor 
has been compared with previously reported similar 
plastic-based biosensor for the glucose detection and 
the comparative results are shown in Table 1.It is 
evident from Table 1 that our paper-based biosensor 
exhibits wider linear range than previously reported 
polymer-based biosensors and relatively high 
sensitivity and acceptable stability. Paper is high 
abundance, biodegradability and green recycling 
compared to plastic substrates. Moreover the 
fabricated biosensor is disposable one and can be 
degraded by microorganismswithin several months. 
These advantages of our biosensor will gain much 
further attention and can be used for real time sensing 
of glucose. 
 
Table 1 Comparison of the analytical performance of 
the present biosensor against other related biosensor 

 
 
CONCLUSIONS 

 
In summary, we have successfully fabricated a novel 
paper-based electrochemical biosensorbyscreen 
printingtechnique. The novel biosensorhas many 
advantages of environment friendly, low cost, and 
simplewhich make it ideal for application to 
industrial production. In glucose testing,the biosensor 
exhibited a wide linear range from 0 to 10 mM,high 
sensitivity, good selectivityandgoodstability.We 
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believe the new paper-based electrochemical 
biosensor platformmeet the requirements of practical 
application in point-of-care diagnostic devicesand 
could easy transfer or replace the current commercial 
electrodes and suitable for green mass production 
also opens opportunities formedical health in the 
future.  
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