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Abstract
In order to substitute for the marketed horseradish peroxidase, a hydrogen peroxide sensor embedded with tobacco leaf in
carbon pastes was constructed and its sensing ability was electrochemically evaluated. Ten and more electrode parameters ob-
tained implied that the enzyme electrode exerts its remarkable specificity quantitatively in the experimental range of potential.
Especially the small symmetry factor (@, 0.21) showed that the electrode kinetics is very sensitive to the change of electrode
potential. The experimental facts above suggested that our enzyme electrode functions as a hydrogen peroxide sensor normally
and tobacco peroxidase can be used in the place of the marketed one as an alternative to marketed ones.
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Table 1. Time Dependence of the Residual Current in NaCl Solution

Time, s L mA
0.1 M 0.01 M 0.001 M
0.02 0.1205 0.0846 0.0272
0.04 0.1203 0.0843 0.0272
0.06 0.1201 0.0841 0.0272
0.08 0.1196 0.0840 0.0271
0.10 0.1192 0.0837 0.0271
0.12 0.1187 0.0835 0.0270
0.14 0.1184 0.0831 0.0270
0.16 0.1183 0.0830 0.0270
0.18 0.1178 0.0829 0.0270
0.20 0.1173 0.0827 0.0270
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Figure 1. A typical current transient resulted from the single potential
step experiment. [NaCl] : 0.1 M; step potential : -500 mV.
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Table 2. Electrochemical Parameters of the Tobacco Electrode at Three Different Electrolyte Concentrations

log[NaCl] i=0, MA R,, Q T, s C, F Cy, F G, F
-1 0.121 412 x 10° 17.0 413 x 107 0.609 = 413 x 10°
2 0.0848 590 x 10° 389 6.59 x 107 0.193 = 659 x 10°
-3 0.0272 1.84 x 10 60.0 < - 0.0609 -
i=o: condenser current at t = 0 (s);
R;: solution resistance;
7: time constant(obs);
C: effective double layer capacitance;
Cq: capacitance of the diffuse double layer;
Ci: capacitance of the compact double layer.
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Figure 2. Cyclic voltammograms of the tobacco leaf embedded
biosensor at a scan rate of 25 mV/s : (a) in the absence of H,O; (b)
in the presence of 0.01M of H,O; in a stimed 0.1M NaCl solution.
Amow indicates the addition of H,0,.
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Figure 3. Current difference between (a) and (b) in a static solution.
Other conditions are the same as in Figure 1.
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Figure 4. Linear plot of In (i/(1-exp(nf7))) vs. E.
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Figure 5. Current-time recording for successive 50 pL additions of 0.1
M hydrogen peroxide solution (a) and for the determination of
detection limit (b) at -500 mV.
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Figure 6. Hanes-Woolf plot of the signal current and the substrate
concentration. [H>0;]/i’s were from the calibration curve (inset).
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Figure 7. Current response resulting from the double step technique.
Start potential : 0 (mV); first step E : -500 (mV); second step E : 0
(mV). [H;0;] : 0.001 M; [NaCl] : 0.001 M.
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Table 3. -i/ir as a Function of Time for Eight Values of t; (t. = 1 +
t). 1-(1- 7 /t)"? is for the Totally Reversible System

time, s ir, mA i, mA 1-(1- 7 /)" -idif
0.001 0.2386 -0.032 0.97 0.013
0.002 0.2315 -0.025 0.96 0.011
0.003 0.2283 -0.021 0.95 0.0092
0.004 0.2252 -0.016 0.94 0.0071
0.005 0.2244 -0.015 0.93 0.0067
0.006 0.2228 -0.014 0.92 0.0063
0.007 0.2205 -0.012 0.92 0.0054
0.008 0.2189 -0.011 0.91 0.0050

0.6
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Figure 8. Working curve for —i/ir (%) from Figure 7.

Kw)E Z2F 750 x 107 A9} 1.71 x 10° Me|t}h

SkA Figure 22 FE] A4 0] Baut-go] vl7tdd 7S
X%AAXJ_E 01“161— 2= 010-1 OL]. o]74 o EU]' X-] R:]_E J_hj-o],‘_:_ Z_}
et a82Q WHo] o]FAtt A7k FH(double step chro-
noamperometry)©]T}. Figure 7<= 0.001 M 712& 23t Q= A3
2 FHOZHE o|FADHOE IS ARAF I/E HolFaL
ek AlAE A9 -500 mv e ARAIT 9] 0 mV (vs. Ag/AgClE
Figure 25 11213 u] 72t 7149] ghla) Aksr) dofd = Sl A
Hloek 2 Aol AR AT 492 te+ 7 (7 =1 sec)elA S
A5, 19} .7} Table 201 37 012 QT A7} o] d2#]Q1 71 A|
2 -ifire 1-(1- 7 /t)? 3 Aok st 0|52 WA 202 Ko
F3 9k A 4 = 0.001 secolA -iir®] HEkS 1.3%°]H
0.001-0.008 sec®] A F-7Fol|A] o] R} 2k FhS HojF=al Q) Ik
shrad] 3kl A Eo] Al gl Foli Mol Hxdd
A AF FFHF} 2 Z“*wﬂ E3hEo] Ql& g mEaetd 4
P9 YAl = AR gle Aex & o Stk wepA B
Alell A 71s]e] ARk-g-2 %Pd H|7}ejole} & %i Atk

47:[

. = =

—

< AFetal 139 713 AsS ARt g
8Fo] A2 Hanes-Woolf A= FHakslrEao] Fa)j7F Ao 3w

==

35kt M 253 5 &, 2014

A E 0 Sulgol] 2 AYe o] o
olgel A7set seulelEe ATmelA
%o] FQF'J:?Q o7 01011/}—7
7] Irksta s

7N

N E=At]8

[o) KeMeR

& BolFeltt o] =
s A@%Taqoﬂ,q &Jyﬂ kel [SAR=N El—HH %gi

\:IE‘FAM_U

A = s IINNATE AR Ptelra g a4d=2

HE 9 R A-E vhe = Zloltk ey o714 AHgE &4

AF2 A= A= & AR ARE 71l whet E7F AX8] Tashe

) o]Re BE a2 FEHoR 529 998ty W] 7]l

3H= Z1o® Ho] Mok wpehA] 4 5&*2 ZolA A=2] Bl #st

AG7F F7H 07 o]Fojxjof bt HAE3lE olF F s Aol
References

—

11.

12.

. H. Olschewski,

. J. A. Brydson, Rubbery Materials and their Compounds,

. E. Casero, M. Darder, F. Pariente, and E. Lorenzo, Peroxidase en-

zyme electrodes as nitric oxide biosensors, Anal. Chim. Acta, 403,
1-9 (2000).

. B. Wang, J. Zhang, and S. Dong, Silica sol-gel composite film as

an encapsulation matrix for the construction of an amperometric
tyrosinase-based biosensor, Biosen. Bioelectronics, 15, 397-402

(2000).

. Y. C. Li, W. F. Bu, L. X. Wu, and C. Q. Sun, A new ampero-

metric sensor for the determination of bromate, iodate and hydro-
gen peroxide based on titania sol-gel matrix for immobilization of
cobalt substituted Keggin-type cobalttungstate anion by vapor dep-
osition method, Sens. Act. B, 107, 921-928 (2005).

. T. J. Cheng, T. M. Lin, and H. C. Chang, Physical adsorption of

protamine for heparin assay using a quartz crystal microbalance
and electrochemical impedance spectroscopy, Anal. Chim. Acta,
462, 261-273 (2002).

A. Erlenkétter, C. Zaborosch, and G. C.
Chemnitius, Screen-printed enzyme sensors for L-lysine determi-
nation, Em. Microbial Tech., 26, 537-543 (2000).

. S. Gaspar, 1. C. Popescu, I. G. Gazaryan, A. G. Bautista, 1. Y.

Sakharov, B. Mattisson, and E. Csoregi, Biosensors based on novel
plant peroxidase: a comparative study, Electrochim. Acta, 46,
255-264 (2000).

. K. J. Yoon, Electrochemical evaluation of a practical carbon paste

electrode to determine hydrogen peroxide, Kor. J. Sci. Crin.

Invest., 7, 195-200 (2013).

. K. J. Yoon, Application of pine peroxidase th the amperometric

determination of hydrogen peroxidase, J. Kor. Chem. Soc.,
329-334 (2013).

57,

. K. B. Rhyu, Electrochemical kinetic assassment of rose tissue im-

mobilized biosensor for the determination of hydrogen peroxide,
Appl. Chem. Eng., 25, 107-112 (2014).

. J. R. Kirchner, Encyclopedia of Chemical Technology, Vol. 13, 12,

Wiley-Interscience, NY, USA (1981).

K. J. Yoon, S. Y. Pyun, and H. S. Kwon, Chicken Liver
Tissue-Based Amperometric Biosensor for the determination of
41, 343-350 (1997).

W. Paik and S. M. Park, Electrochemistry, Science and technology

Hydrogen peroxide, J. Kor. Chem. Soc.,
of electrode processes, 1% ed., 52-55, Cheongmoongak, Korea
(2001).

291,
Elsevier Applied Science, NY, USA (1988).

A. Mansouri, D. P. Makris, and P. Keflas, Determination of hydro-



15.

16.

CSM 1152 ZAgd o) astas 14 g4 @7)skets 54 543

gen peroxide scavenging activity of cinnamic and benzoic acids em-
ploying a highly sensitive peroxyoxalate chemiluminescence-based
assay, J. Pham. Biomed. Anal., 39, 22-26 (2005).

K. B. Rhyu and K. J. Yoon, Amperometric Kinetics of Hydrogen
Peroxide Biosensor Bound with Natural Rubber, Appl. Chem. Eng.,
21, 689-693 (2010).

K. B. Rhyu and K. J. Yoon, Electrochemical kinetic analysis of
the carbon paste enzyme electrode bound with rubber, Anal. Sci.

18.

& Tech., 24, 113-118 (2011).

. K. B. Rhyu and K. J. Yoon, A new amperometric carbon paste bi-

osensor Bound with chlorosulphonated polyethylene, J. Kor. Chem.
Soc., 55, 323-327 (2011).

C. W. Lau, J. Z. Lu, and M. Kai, Chemiluminescence determi-
nation of tetracycline based on radical production in a basic aceto-
nitrile-hydrogen peroxide reaction, Anal. Chim. Acta, 503, 235-239
(2004).

Appl. Chem. Eng., Vol. 25, No. S5, 2014



