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The Biosensor Development for Determination of Glucose in Blood Sample
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Abstract: The  biosensor development for
defermination of glucose was described. A carbon
paste clectrode was modified with copper
hexacyanoferrate  (CuHCF), chitesan (CHIT),
carbon nanotube (CNT) and glucose oxidase
(GOXYCPE/CuHCE-CHIT-CNT/GOx), The
eleetrocatalytic reaction of the CPE/CulCY-CHIT-
CNT/GOx calalyzed the glucose to gluconolactone
and hydrogen peroxide (H,O,) and it was changed
to water by the CaHCF at the clectrode surface,
The efectroanalytical techniques such as cyclic
votammeiric and amperometric were selected fo
detect such biecatalytic reaction. The analytical
parameter of the meodified electrode at 0.65 V
showed that the suitable parameters of GOx,
CHIT, CueHCF, and CNT were 9, 4, 8 and 4 mg,
respectively. The figure of merit e\hlblted a hnenr
range of 1 pM to 20 mM glucose (R” = 0.9881), The
modmcd electrode is good stability and sensitivity
for glucose determination,

Keywords: glucose biosensor, carbon
nanotube,copper hexacyanoferrate, chitosan

L. Introduction

Glucose is a type of sagar that is vital to the metabolic
processes of the body metabolism. A shortage or
excess body of the glucose [1] because the abnormal
cells resulting in various diseases such as diabetes
diseases, impaired by a lack of giucose
(hypoglysemia). The addition of glucose as eruptions
of energy cells can compensate for the lack of
nutrients. Glucose residues can be found in the blood
and cause a lot of the above diseases [2]. Glucose
determination mainty achieved by using advanced
tools such as gas chromatography, however, analyzed
cost is quite high, slow and has low sensitivity. In this
research, we aimed to develop a glucose biosensor
based on immobiiized glucose oxidase {(GOx) on the
carbon paste electrode. The assisted electrochemical
materials such as carbon nanotubes (CNT), chitosan
{CHIT) and copper hexacyanoferrate (CuHCF) were
mixed for improvement the sensitivily and detection
limit.

2. Materials and Methods
2.1 Materials

Deionized water was produced from the Nano-Lab
water system. Potassium dihydrogenphosphate, multi-
walled carbon nanotube (CNT), copper (1) nitrate,
disodium hydrogenphosphate, D-glucose, acetonitrile,
hydrogen peroxide, glucose oxidase, were purchased
from Sigma (USA). All reagents used in this work
were used without further purification.

2.2 Apparatus

The cyclic voltammetric and amperometric
experiments were conducted using a potentiostat
(DigilVY DY2000, USA). A three clectrode; platinum
wire, Ag/AgCh (3 M KCI) and carbon paste {3 mm
diameter) were used fo be counfer, reference and
working electrode, respectively. The electrochemical
measurement investigate in a 4 ml. consisted three
electrode sysieny

2.3 The preparation of carbon paste

Copper hexacyanoferate (CuHCF) was systhesized
by bring the 25 mL of 0.2 mM Cu(NO)y into the 25
mL of 0.1 mM KyFe(CN}6. The mixed solution
changed to precipitate with a dark brown color. The
precipitant was [flirated and dried o recived the
CuHCF and ready to use.

The GOx/CuHCF/CHIT/CNT/CPE was prepared
by mixing the GOx, CuHCF, CHIT, CNT, graphite
and mineral ol in the ratio of 9:8:4:4:35:5 mg,
respectively, The mixed paste were compress to the 3-
mm iner diameter home-made electrode. Finally, the
fine sureface of the carbon paste clectrode were
accomplished by the ol removing film. The
GOx/CuHCF/CHIT/CNT/CPE was ready to use.

2.2 Electrochemical measurement

The electrochemical system was operated in the
solution of 0.1M phosphate butfer pH 7.4. The cyclic
voltammetric was cycling in the voliage range of - 0.4
to 1.0V and in the quiescent solution. For the
amperometric system, the working potential was fixed
at the optimum potential in the stir solution,
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3. Resulis and Discussion
3.1 Cyclic voltammmogram of modified electrodes

Figure | shows the cyclic voltammograms of the
electrodes with different medifications in a solution of
a} 0 mM and b) 5 mM glucose. The bare CPE showed
no any currenf (fgure 1A, a and b} from HyO.
produced from the glucose since there are no GOx oo
the electrode. However, with the GOx, the oxidative
current of Hy0; is steeply increased at 0.95 V with 5
mM glucose (figure 1B-D). With the CuHCF doped in
the modified electrode, it shows oxidative and
reductive peaks at 0.78 and 0,65 V (figure | E and F),
respectively. The current is oxidative dominant with 5
mM glucose for figure 1E and F. The GOx was doped
in figure [F showed the oxidative current lower than
without GOx. However, the background current of the
CPI/CONT-CHIT-CuHCFE-Gox  (figwre 1F) is lower
than CPE/CNT-CHIT-CuHCFE. The lower background,
the good limit of detection will be obtained.
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Figure 1. Cyclic voltammogams of A CPE, B)
CPE/GOx, Cy CPE/CNT, D) CPE/CNT/GOx, E)
CPE/CNT-CHIT-CuHCF, and F) CPE/CNT-CHIT-
CuHCF/GOx, in a} 0 mM and b) 5 mM glucose.
Condition; PBS 0.1 M. pH 74 as supporting
electrolyte; scan rate of 0.1 Vs,

3.2 Optimization

Figure 2 showed optimized parameters on the
CPE/CNT-CHIT-CaltCF/GOx. The applied potential
was the first optimized parameter that effect on the
obtained HzQ, oxidative current (figure 2ZA). It showed
that the current was nearly zero at 0.10 t0 0.45 V. The
current immediatly increased at the potential 0.55 v
and reached the maximum at 0.65 V and it was

selected for applied potential. The current from .75 —
0.90 V were stable,
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Figure 2 The optimization parameters on the
amperometric response of spiked | mM glucose al the
CPE/CNT-CHIT-CuHCE/GOx. A) applicd potential,
B) glucose amount, CY CHIT amount, D) CNT amount
and E} the CuHCF content.

The effect of CHIT was showed in figure 2B, The
current reach a maximum quickly at 5.0 mg of CHIT
and selected for the further experiment. At the CHIT
content over 5.0 mg, the current quite lower than that
one.

For the effect of CNT was in figure 2C, the current
steeply inerease from 0.0 mg CNT, and reach the
maximum at 4 mg. The current at 5.0 mg CNT and
more, the current is lower and lower. The 4.0 mg CNT
was selected for the next experiment.

The effect of CuHCF wag showed in figure 2D.
The current at CuHCF from 2 - 6 mg is stable and
about 2 pA. The carrent 15 the highest at 8 mg and
lower at [0 mg. The amount of CuHCF was selected at
8 myg for further experiments.

The amount of GOx loading was showed in figure
2E. At 3 - 5 mg of GOx, the current showed quite
small since a little GOx that is not significant fo
catalyzed ghucose to HyOy. When the GOx is at % mg,
the current was the highest and selected for the fusther
experiments. The GOx is more, the current is stable
like plateau.
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3.3 Figure of merits

The selected parameters from section 3.2 were
brought for the linearity. This biosensor showed
linearity in the range of | UM to 20 mM glucose (y =
1.5576x + 0.2003, R* = 0.9881) (figwe 3.3). The
detection limit was calculated and found to be 0.7 mM.
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Figure 3 Linerity of the CPE/CeHCF-CHIT-CNT/GOx.

4. Conclusion

The glucose biosensors based on CPE/CuHCF-
CHIT-CNT/GOx  was succesfully developed. This
brosensor will be applied for glucose determination in
real blood samples in the near fudure.
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