
Materials Science and Engineering C 33 (2013) 3899–3902

Contents lists available at ScienceDirect

Materials Science and Engineering C

j ourna l homepage: www.e lsev ie r .com/ locate /msec
Self-assembled films containing crude extract of avocado as a source of
tyrosinase for monophenol detection

Nirton C.S. Vieira a,⁎, Reginaldo A. Ferreira b, Valquiria da Cruz Rodrigues a,
Francisco E.G. Guimarães a, Alvaro A.A. de Queiroz b

a Instituto de Física de São Carlos/Universidade de São Paulo, CP 369, 13560-970 São Carlos, SP, Brazil
b Centro de Estudos e Inovação em Materiais Biofuncionais Avançados/Universidade Federal de Itajubá, CP 50, 37500-903 Itajubá, MG, Brazil
⁎ Corresponding author. Tel.: +55 16 3373 8656.
E-mail address: nirtoncristi@gmail.com (N.C.S. Vieir

0928-4931/$ – see front matter © 2013 Elsevier B.V. All
http://dx.doi.org/10.1016/j.msec.2013.05.028
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 20 November 2012
Received in revised form 15 April 2013
Accepted 12 May 2013
Available online 18 May 2013

Keywords:
Crude extract
Tyrosinase
Biosensor
Monophenol
Layer by layer
This paper reports on the use of the crude extract of avocado (CEA) fruit (Persea americana) as a source of tyrosi-
nase enzyme. CEA was immobilized via layer by layer (LbL) technique onto indium tin oxide (ITO) substrates and
applied in the detection of monophenol using a potentiometric biosensor. Poly(propylene imine) dendrimer of
generation 3 (PPI-G3) was used as a counter ion in the layer by layer process due to its highly porous structure
and functional groups suitable for enzyme linkage. After the immobilization of the crude CEA as multilayered
films, standard samples of monophenol were detected in the 0.25–4.00 mM linear range with approximately
28 mV mM−1 of sensitivity. This sensitivity is 14 times higher than the values found in the literature for a similar
system. The results show that it is possible to obtain efficient and low-cost biosensors for monophenol detection
using potentiometric transducers and alternative sources of enzymes without purification.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Phenols and some of their derivatives, such as chlorophenol and re-
lated aromatic compounds are present in industrial residues from the
production of plastics, dyes, drugs, resins, pesticides, detergents, disin-
fectants and especially paper and cellulose [1]. Classically, the analyses
of phenolic species have been carried out by spectrophotometric and
chromatographic methods [2,3]. However, these techniques do not
allow continuous monitoring and analyses in a short period of time. In
this context, analytical devices, i.e., biosensors are promising for this
purpose.

Various types of biosensors have been used for the detection of
phenolic compounds, including optical [4], amperometric [5] and
potentiometric [6] transducers. In most biosensors, the tyrosinase
enzyme (also known as polyphenol oxidase) is used as a biological
recognition element because it catalyzes several types of phenolic
compounds [7].

Particularly, electrochemical transducers based on electric field-effect,
such as ion-sensitivefield-effect transistors (ISFETs) [8] are interesting for
the construction of biosensors because their fabrication on a large scale is
favored by microelectronic processes. For example, ISFET-based biosen-
sors that use tyrosinase immobilized on silicon nitride (Si3N4) have
been used for the determination of phenols in water [9]. On the other
hand, the measurement system of ISFET sensors may be perturbed since
the FET part is not isolated from the chemical environment. In addition,
a).
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the immobilization of enzymes on a very small platformmay be an obsta-
cle. As an alternative, a separated extended gate field-effect transistor
(SEGFET) [10–12] or a sensitive layer connected to the input pin of a
high-impedance buffer like an instrumentation amplifier (IA) can be uti-
lized as a readout circuit [13]. Besides the reuse of the FET or IA part in
new measures, the flexibility of the extended sensitive layer facilitates
the process of enzyme immobilization [14,15].

The use of the alternating physical adsorption of oppositely charged
materials or layer by layer technique (LbL) enables the construction of
several thin films with a rigorous control of the film architecture at mo-
lecular level [16]. Different materials, including biomolecules can be eas-
ily immobilized on solid substrates by the LbL technique for the use in
biosensors [17]. Therefore, the LbL technique combined with separative
platforms enables the production of sensitive membranes to be used as
field-effect based biosensors. In other words, enzymes can be combined
with suitablematerials and immobilized via physical adsorptionwithout
compromising their catalytic site and keeping high activity [14].

Vegetal tissue or crude extracts have been alternatively utilized as
sources of tyrosinase in order to reduce costs. In these cases, fruits, such
as avocado (Persea americana) and jack (Artocarpus integrifolia) are used
as a source of tyrosinasewithout purification [18,19]. Thereby, biosensors
for the determination of phenolic compounds can be constructed in a
simple and low-cost way by combining the LbL technique, field-effect
biosensors and crude extract of fruits.

This paper reports on the construction of a biosensor for the
monophenol determination based on the immobilized crude extract of
avocado (CEA) as a source of tyrosinase on indium tin oxide films
(ITO) in conjunction with poly(propylene imine) dendrimers (PPI) as
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Fig. 1. Schematic diagram of the biosensor.
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Fig. 2. UV–vis absorption spectrum of a catechol solution (1 mL) after exposure to the
crude extract of avocado (0.2 mL).
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ligands. Commercial ITO films exhibit Nernstian sensitivity to pH var-
iations [13] and dendrimers are porous macromolecules permeable
to H+ diffusion [11,14] and ideal for biosensors. The activity of the
CEA was assessed by measuring the o-quinone formation in reaction
with catechol. The CEA immobilization was monitored via UV–vis ab-
sorption spectroscopy after each PPI/CEA bilayer had been formed. The
PPI/CEA biosensor presented good analytical sensitivity to monophenol
in the 0.25 to 4.00 mM linear range.

2. Experimental

2.1. Chemicals

Avocado fruitwas utilized as a source of tyrosinase. Themethodology
of extraction is the same used by da Cruz Vieira and Fatibello-Filho [20].
The formation of o-quinone due to the reaction with catechol was used
to determine the activity of as-obtained CEA. A generation 3 of poly(pro-
pylene imine) dendrimer (PPI-G3) was synthesized by divergent route
from ethylenediamine (EDA) core as described in details elsewhere
[11]. ITO-covered substrates (160 nm)were purchased fromDelta Tech-
nologies and cleaned by immersion in a mixture of HNO3:HCl:H2O
(1:3:20) for 10 min followed by washing in Milli-Q water. Monophenol
was purchased from Sigma-Aldrich. All other reagents were of analytical
grade and were used as received.

2.2. PPI/CEA multilayer assembly

The PPI/CEA films were deposited onto a hydrophilic quartz sub-
strate for adsorption studies and onto ITO-covered substrates for biosen-
sor construction. The substrates were immersed in a polycationic PPI
solution ((1.0 ± 0.1) mg mL−1) for 5 min and in an anionic tyrosinase
solution (CEA) for 10 min. After each immersion, the pre-coated sub-
strate was washed with a phosphate buffer solution (pH 7.0) for few
seconds and gently dried by nitrogen flow. The desirable number of
PPI/CEA bilayers was achieved upon the repetition of the methodology
previously described. The growth of PPI/CEA films was monitored by
UV–vis absorption spectroscopy (Hitachi U-2001 spectrophotometer).

2.3. Biosensor configuration

The phenolic biosensor was based on the concept of Vanderspiegel
et al. [12] improved by Chi et al. [10]. A sensitive membrane formed
by ITO-PPI/CEA was connected to a commercial high-input imped-
ance circuit. An AD620 instrumentation amplifier was utilized as a
unit gain buffer. A silver/silver chloride (Ag/AgCl) reference electrode
was used to maintain a constant voltage. The PPI/CEA membrane was
immersed in a phosphate buffer solution ((10 ±1) mM, pH 6.0)
and solutions containing monophenol were added in the measuring
cell. The output voltage of the operational amplifier was recorded
along the time using a digital multimeter. Fig. 1 illustrates the sche-
matic diagram of the proposed biosensor.
3. Results and discussion

3.1. Characterization of the CEA and PPI/CEA multilayer assembly

Fig. 2 shows the UV–vis absorption spectrum of a catechol solution
((100 ± 10) mM) after exposure to the as-obtained crude extract of
avocado. A wide band at around 405 nm, typical of o-quinone struc-
tures and formed due to the catalytic oxidation of catechol by tyrosinase
enzyme can be observed. This result indicates that the extract obtained
from the avocado fruit contains tyrosinase in the active form [20].

Fig. 3 shows the UV–vis absorption spectrum of a diluted solution
of CEA (black line) and the UV–vis absorption spectrum of a PPI/CEA
in the LbL film (10 bilayers, gray line). As expected for enzymes, a
band was observed at around 280 nm due to the presence of aromatic
amino acids, such as tryptophan, tyrosine and phenylalanine. When in
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Fig. 5. Typical response of ITO-PPI/CEA biosensor to detect (0.75 ± 0.1) mMmonophenol.
Experimental conditions: (10 ± 1) mM phosphate buffer, pH 6.0 at 25 °C.
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Fig. 3. UV–vis absorption spectrum of CEA solution (black line) and the PPI/CEA LbL
film (gray line).
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LbL film, the band of CEA is a little shifted to red, indicating that tyrosi-
nase has been indeed adsorbed on the PPI dendrimer. The interaction
between the components of the film can be associated with the electro-
static interaction between−NH3

+ groups from the dendrimer and neg-
ative groups from tyrosinase. It is important to notice that other
electrostatic interactionsmay bepresent in the LbL film, once tyrosinase
has not been purified.

A study of the PPI/CEA film growth was carried out onto a quartz
substrate, measuring the absorbance of each deposited bilayer. The re-
sults are shown in Fig. 4, where a linear behavior of the film growth is
observed. It can be concluded that at each stage of the LbL process, the
same amount of material is absorbed in the LbL film, indicating that
the self-assembly technique was successful [16,17].

3.2. PPI/CEA as a monophenol biosensor

Self-assembledfilms containingfive bilayers of PPI/CEAwere chosen
as biosensors to detect monophenol. The signal from the biosensor was
analyzed by adding aliquots of monophenol in the measuring cell,
resulting in a final concentration of (0.75 ± 0.1) mM. The typical re-
sponse PPI/CEA biosensor is shown in Fig. 5, where it can be seen that
the signal is very stable. The relatively long response time of 480 s
may be associated with the diffusion of monophenol to the inner layers
containing tyrosinase and the diffusion of protons to the ITO films. In
its hydroxylase activity, tyrosinase catalyzes the hydroxylation of
monophenols, consuming H+ ions to generate o-hydroquinone (cate-
chol) [9]. Therefore, there is an increase in the local pH, i.e., near the
PPI/CEA, increasing the output voltage in the transducer once ITO films
are highly sensitive to pH changes [13].
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Fig. 4. Relationship between absorbance at 280 nm and number of PPI/CEA deposited
bilayers.
The voltage value in the response timewas used to obtain the analyt-
ical curve of the biosensor (output voltage of the device as a function of
monophenol concentration), as shown in Fig. 6. Showing excellent repro-
ducibility, the sensitivity of the proposed biosensor was estimated in
(28 ± 1) mV mM−1 in the 0.25–4.00 mM linear range. Direct compari-
sons can be made between the present results and those from the litera-
ture. Table 1 shows three similar systems that use purified tyrosinase as
potentiometric biosensors. A higher sensitivity to catechol obtained by
Ameer and Adeloju [6] using tyrosinase entrapment into conducting
polypyrrole is expected since catechol is the best analyte of tyrosinase
and the enzyme is in the purified form [21]. On the other hand our re-
sults are in excellent agreement with the values found in the literature
for 4-chlorophenol detection utilizing conventional ISFETs [9,22] and
approximately 14 times more sensitive. The high sensitivity obtained
by as and related by Ameer and Adeloju [6] may be related to non-
covalent bonds between the enzyme and the support, i.e., the LbL pro-
cess or entrapment methods provide a friendly environment, which
maymake tyrosinasemore activewithout enzymedenaturation. There-
fore, the results indicate that the self-assembly technique is feasible for
the immobilization of enzymes which maintain high activity even after
immobilization and it is possible to obtain efficient and low-cost biosen-
sors for the detection of monophenols using alternative sources of en-
zymes and potentiometric transducers.

Repeatability is an important factor of the biosensors that re-
quires successive measures. In order to investigate this characteris-
tic, Fig. 7 shows biosensor response after three measurements of
the same concentrations of monophenol (0.5 ± 0.1) mM using the
same PPI/CEA LbL film. An insignificant loss of signal was observed
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Fig. 6. Analytical curve of ITO-PPI/CEA biosensor. Experimental conditions: (10 ± 1) mM
phosphate buffer, pH 6.0 at 25 °C.



Table 1
Some systems that use purified tyrosinase as potentiometric biosensors.

Sensor type Material Immobilization method Analyte Linear range Sensitivity Ref.

OCP Polypyrrole Entrapment Catechol 1–16 μM 10 mV μM−1 [6]
ISFET SiO2/Si3N4 Cross-linking 4-Chlorophenol 1–3 mM 2 mV mM−1 [9]
ISFET SiO2/Si3N4 Cross-linking 4-Chlorophenol 1–3 mM Not available [22]
This study ITO LbL Monophenol 1–4 mM 28 mV mM−1 –

OCP: open circuit potential; ISFET: ion-sensitive field-effect transistor.
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Fig. 7. ITO-PPI/CEAbiosensor response after successivemeasurements of (0.5 ± 0.1) mMof
monophenol. Experimental conditions: (10 ± 1) mM phosphate buffer, pH 6.0 at 25 °C.
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(within experimental error), suggesting that the biosensor can be used
again at least for three times. The good repeatability can be associated
with dendrimers as ligands, which allow an effective enzyme immobili-
zation due to peripheral functional groups, preventing enzyme leaching
and keeping high activity even after several steps.

4. Conclusions

ITO films were functionalized with multilayers of PPI-G3 and crude
extract of avocado as a source of tyrosinase enzyme. These films were
used as biosensors based on potentiometric devices with high-input
impedance for the detection of monophenol. The proposed system
presented excellent sensitivity to monophenol as a result of the
well-executed LbL process for enzyme immobilization. The combina-
tion of potentiometric based biosensors and alternative sources tyrosi-
nase in LbL films can offer a new way to obtain low-cost bioanalytical
devices based on separative platforms.
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