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Development of Biosensor for Detection of Hydrogen Peroxide Concentration by

Immobilization of Horseradish Peroxidase on Polypyrole and Gold Nanoparticles
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Abstract

In this research, a biosensor was developed for detection of hydrogen peroxide. Horseradish peroxidase
was immobilized on electrode surface via polypyrole and gold nanoparticles. All affecting performances of
biosensor were optimized such as electropolymerization time of polypyrole, concentration of pyrole, volume of
gold nanoparticles, applied potential, concentration and pH of phosphate buffer. The optimum conditions were:
40 second for electropolymerization time, 0.1 M of pyrole concentration, 500 pL of gold nanoparticles, -0.15 V for
applied potential, 0.1 M and pH 6.00 of phosphate buffer. This developed biosensor could detect the
concentration of hydrogen peroxide in the range of 0.1-0.9 mM with the detection limit at 0.02 mM which was
estimated as the analyte concentration that produced a signal of three times the background noise. The response
time was only five second. Finally, the proposed method was applied to detect the concentration of hydrogen
peroxide in real samples. When compared with the label, it was found that all results were no difference at

significance level of 95 %.
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Electropolymeriazation

Working electrode

m = Pyrole {_ = Gold nanoparticles i:f,fé = Enzyme
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wulzdaeaas iwWefeendina (Horseradish peroxidase, Sigma-Aldrich) lalasiauilesean’las (Sigma-
Aldrich) Inlsa (Pyrrole, Sigma-Aldrich) TWunasdeN LW@%ﬂisnﬂﬁvLuﬁ(Potassium Ferricyanide, Ajax Finechem)
ﬂ@]m?mm‘aﬂr(Glutaraldehyde, Fluka) lalasiauinmnszpanlsnaisn (Hydrogentetrachloroaurate(lll), Sigma-Aldrich)
InslaAendinsm (Trisodium citrate, Sigma-Aldrich) uazlmnaslulslalase (Sodium borohydride, Sigma-Aldrich)

iAraTiaRiAInzinaaa Wi (Auto lab PGSTAT10, Eco chemie, Netherland) dsznaudaadalniin 3 42 15w
SN SN Sl e (Working electrode) W FanesEanesaaolefiiudniingned (Reference
electrode) WAy Sl un v Ao (Auxiliary electrode) Tdd@mFun1smsaadaniaail Wi TECY
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nangsazanalnpaniulslalass Anudndu 125 mM d3unms 1,200 pL wazdnsazany lalasiaummnse
paalsaasn AdNdy 0.3 mM Bums 153 pL aluansazanelnslomas@mnee acnudinde 0.38 mM 3ums
500 mL pusnsazaneseifies Dunan 12 dalue WoasazaedlFAiaamnd 4 cC uamhansazaeilly

Timgasaauaniifnisganaunaspasayniaunlunes foaasasanmsnindmesnaauainaau 300-700 nm
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neunesssaeauladiaednnalefaandina adnszimnilsuinlalanaudeaieantas uscunlulamusas
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MsNIUARLUsSEANBATNTRINEILATIEN (Validation method)
AN URIIBALASIZY (Precision)

AL E9199933 1A T LR NIAIN NN 11890 1350 (Repeatability) LAZNNINIUGNT897E
(Reproducibility) FuFLNN I E 9 It nelEanaznismeaeaideaiu nenmadalalasiaules
panlofAnudiniiu 1 mM 419 10 91 SaAnszualniingiliannnsmevanestesawlnlluusazais waziiiad
ﬂixLL@"LWW’]ﬁWLﬂﬁﬁmmmﬁ%ﬁ'fmﬁﬂuuummﬂmﬁmﬁwﬁ (Relative standard deviation ; RSD) WU4RANANAY
38 % LAYAMTLNINIIN109E NN masenelFan1aznnmmeaaeaieti Il e il
§ 191 5 44 wiazdtilinmadalalnaaunleseanlodaonudiadi 1 mM 41w 197 Wudqﬁﬁmuﬁmmummﬁ;m
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@ [ oA
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A o < = ~ .
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Sample Concentration of hydrogen peroxide (%)

Biosensor Label
bleach hair 8.6+0.7 9
antiseptic solution 2.8+0.2 3
Sterilized Milk No detectable 0

9IANTIMENAIERTYINY TR 20 (RATUT 1) WngIAN - AQuieu WA, 2558 156



UNAINNIRE

agluanisiae

13
a o A

Tunudsanlivinnsvmuscuululamume Sfcenadwaiin Influareuniaunlunes  iwediasziiun
nalalasaulafeanlad Tnelfieulsdizednaanles sandnaiuiandoniw sivuudunadinlsauazeynia
wrtunaszesda bl Weaindisesaendauntoutinaesda il nvineu vinliidnszua il iina

o ! E2 A a -ﬁ” a a g r-:ll s =
wazmsradnAinszualninmiintulnameatiauesnelsirisn wanismaasanudrszuululamuieinimunAIN

UWHUEN ANIZIANZAIATAINYNABIQY wazamnsnin ilszgnaldlunisnaeiudaeengasels

anfngsNUszndA

ideRlAfRuaiuayuanauAnemaniuaznalulad sninendamalulagsanepatoyifs
19 a
LNATAN9RS

Cao, Z., Jiang, X., Xie, Q. & Yao, S. (2008). A third-generation hydrogen peroxide biosensor based on horseradish
peroxidase immobilized in a tetrathiafulvalene tetracyanoquinodimethane/multiwalled carbon nanotubes

film. Biosenser and Bioelectronic, 24, 222-227.
Elzanowska H, Abu-Irhayem E, Skrzynecka B & Birss V. (2004). Hydrogen peroxide detection at electrochemically
and sol-gel derived ir oxide films. Electroanalysis, 16, 478-490.

Ernst, A., Makowski, O., Kowalewska, B., Miecznikowski, K. & Kulesza, P.J. (2007). Hybrid bioelectrocatalyst for
hydrogen peroxide reduction: Immobilization of enzyme within organic—inorganic film of structured
Prussian Blue and PEDOT. Bioelectrochemistry, 71, 23-28.

Ghaderi, S. & Mehrgardi, M.A. (2014). Prussian blue-modified nanoporous gold film electrode for amperometric
determination of hydrogen peroxide. Bioelectrochemistry, 98, 64—69.

Haddadin, M. S., Ibrahim, S. A., & Robinson, R. K. (1996). Preservation of raw milk by activation of the natural
lactoperoxidase systems. Food Control, 7, 149-152.

Hoshino, M., Kamino, S., Doi, M., Takada, S., Mitani, S., Yanagihara, R., Asano, M., Yamaguchi, T. & Fuijita, Y.
(2014). Spectrophotometric determination of hydrogen peroxidewith osmium(VIll) and m-
carboxyphenylfluorone. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 117,
814-816.

Hu H.C., Jin H.J. & Chai X.S. (2012). Rapid determination of hydrogen peroxide in pulp bleaching effluents by
headspace gas chromatography. Journal of Chromatography A, 1235, 182— 184.

Hu, R., Wen, W., Wang, Q., Xiong, H., Zhang, X., Gu, H. & Wang, S. (2014). Novel electrochemical aptamer
biosensor based on an enzyme—gold nanoparticle dual label the ultrasensitive detection of epithelial

tumour marker MUC1. Biosensors and Bioelectronics, 53, 384-389.

9IANTIMENAIERTYINY TR 20 (RATUT 1) WngIAN - AQuieu WA, 2558 157



UNAINNIRE

Hurdis, E.& Romeyn, H.(1954). Accuracy of determination of hydrogen peroxide by cerate oxidimetry, Analytical
Chemistry, 26, 320-325.

Korkut S., Keskinler B.& Erhan E. (2008). An amperometric biosensor based on multiwalled carbon nanotube-
poly(pyrrole)-horseradish peroxidase nanobiocomposite film for determination of phenol derivatives,
Talanta, 76, 1147-1152.

Ma, L., Yuan, R., Chai, Y. & Chen, S. (2008). Amperometric hydrogen peroxide biosensor based on the
immobilization of HRP on DNA-silver nanohybrids and PDDA-protected gold nanoparticles. Journal of
Molecular Catalysis B: Enzymatic, 56, 215-220.

Moyo, M., Okonkwo, J.O. & Agyei, N.M. (2014). An amperometric biosensor based on horseradish peroxidase
immobilized onto maize tassel-multi-walled carbon nanotubes modified glassy carbon electrode for
determination of heavy metal ions in aqueous solution. Enzyme and Microbial Technology, 56, 28-34.

Nakabayashi, Y. & Yoshikawa, H. (2000). Amperometric biosensors for sensing of hydrogen peroxide based on
electron transfer between horseradish peroxidase and ferrocene as a mediator. Analytical Sciences, 16,
609-613.

Odaci, D., Telefoncu, A. & Timur, S. (2008). Pyranose oxidase biosensor based on carbon nanotube (CNT)-
modified carbon paste electrodes. Sensors and Actuators B: Chemical, 132, 159-165.

Shang Z.J., Xu, Y.l., Gu, Y.X.Z., Wang, Y., Wei, D.X.& Zhan, L.I. (2011). A Rapid Detection of Pesticide Residue
Based on Piezoelectric Biosensor. Procedia Engineering, 15, 4480-4485.

Shi, AW., Qu, F.L., Yang, M.H., Shen, G.L. & Yu, R.Q. (2008). Amperometric H,O, biosensor based on poly-
thionine nanowire/HRP/nano-Au-modified glassy carbon electrode. Sensors and Actuators B: Chemical,
129, 779-783.

Shi, G., Lu, J., Xu, F., Zhou, H., Jin, L.& Jin, J. (2000). Liquid chromatography-electrochemical detector for the
determination of glucose in rat brain combined with in vivo Microdialysis. Analytical Chimica Acta. 413,
131-136.

Silva R.A.B., Montes R.H.O., Richter E.M. & Munoz R.A.A. (2012). Rapid and selective determination of hydrogen
peroxide residues in milk by batch injection analysis with amperometric detection. Food Chemistry, 133,
200-204.

Suzuki, I., Nojima, S. & Tanimura E. (1999).Japanese Standard of Food Additives. (Seventh ed).Tokyo: Hirokawa
Publishing Co.

Taverniers, I., Loose, M.D. & Bockstaele, E.V. (2004). Trends in quality in the analytical laboratory. Il. Analytical

method validation and quality assurance. Trends in Analytical Chemistry, 23, 535-552.

9IANTIMENAIERTYINY TR 20 (RATUT 1) WngIAN - AQuieu WA, 2558 158



UNAINNIRE

Tian, F., Xu, B., Zhu, L. & Zhu, G. (2001). Hydrogen peroxide biosensor with enzyme entrapped within
electrodeposited polypyrrole based on mediated sol-gel derived composite carbon electrode. Analytical
Chimica Acta, 443, 9-16.

Tam, P.D. & Hieu, N.V. (2011). Conducting polymer film-based immunosensors using carbon nanotube/antibodies
doped polypyrrole. Applied Surface Science, 257, 9817-9824.

Wang, G., Xu, J.J., Chen, H.Y.& Lu, Z.H. (2003). Amperometric hydrogen peroxide biosensor with sol-gel/chitosan
network-like film as immobilization matrix. Biosenser and Bioelectronic, 18, 335-343.

Xin, Y., Fu-bing, X., Hong-wei, L., Feng, W., Di-zhao, C. & Zhao-yang, W. (2013). Novel H,0, biosensor based
on Fe,O,~Au magnetic nanoparticles coated horseradish peroxidase and graphene sheets—Nafion film
modified screen-printed carbon electrode. Electrochimica Acta, 109, 750-755.

Xu, Q., Mao, C., Liu, N.N., Zhu, J.J. & Sheng, J. (2006). Direct electrochemistry of horseradish peroxidase based
on biocompatible carboxymethyl chitosan—-gold nanoparticle nanocomposite. Biosensors and
Bioelectronics, 22, 768-773.

Yang, P., Wang, L., Wu, Q., Chen, Z. & Lin, X. (2014). A method for determination of glucose by an amperometric
bienzyme biosensor based on silver nanocubes modified Au electrode. Sensors and Actuators B:
Chemical, 194, 71-78.

Yao, H., Li, N., Wei, Y.L. & Zhu, J.J. (2005). A H,O, biosensor based on immobilization of horseradish

peroxidase in a gelatine network matrix. Sensors, 5, 277-283.

Yue, H., Bu, X., Huang, M.H., Young, J. & Raglione, T. (2009). Quantitative determination of trace levels of
hydrogen peroxide in crospovidone and a pharmaceutical product using high performance liquid
chromatography with coulometric detection. International Journal of Pharmaceutics, 375, 33-40.

Zhou, K., Zhu, Y., Yang, X. & Li, C. (2011). Preparation and application of mediator-free H,O, biosensors of
graphene-Fe,O, composites. Electroanalysis, 23, 862-869.

9IANTIMENAIERTYINY TR 20 (RATUT 1) WngIAN - AQuieu WA, 2558 159



