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A Novel Amperometric Biosensor Based on Banana Peel (Musa cavendish)
Tissue Homogenate for Determination of Phenolic Compounds

Hakki Mevlut Ozcan and Ayten Sagiroglu
Trakya University, Faculty of Science, Department of Chemistry, Section of Biochemistry, Edirne, Turkey

Abstract: In this study the biosensor was constructed by immobilizing tissue homogenate of banana peel onto a glassy carbon electrode
surface. Effects of immobilization materials amounts, effects of pH, buffer concentration and temperature on biosensor response were
studied. In addition, the detection ranges of 13 phenolic compounds were obtained with the help of the calibration graphs. Storage
stability, repeatability of the biosensor, inhibitory effect and sample applications were also investigated. A typical calibration curve for
the sensor revealed a linear range of 10-80 uM catechol. In reproducibility studies, variation coefficient and standard deviation were

calculated as 2.69%, 1.44 X 1073 uM, respectively.

Keywords: tissue biosensor, phenolic compound, amperometric biosensor, Musa cavedish

INTRODUCTION

Phenolic compounds (PCs) are produced as secondary
metabolites by most plants, in which they probably act
as natural antimicrobial agents, as natural deterrents to
grazing animals, or as inhibitors of pre-harvested seed
germination [1]. Antioxidant compounds such as cat-
echin, rutin, and quercetin, which exist in fruits, have
been claimed to protect low density lipoproteins and
have anti-cancer effects [2]. Polyphenols are also impor-
tant for their organoleptic properties, odors; astringency,
and savor for wine, tea and other fruits [3]. Furthermore,
PCs are also formed during the natural decomposition of
humic substances, tannins, and lignins, and photolytic
or metabolic degradation of herbicides and insecti-
cides [4, 5]. More recently, the significance of PCs as
antioxidants, anticarcinogens, antimutagens and agents
in the treatment of Rh-factor-threatened pregnancies,
problems encountered during parturition, and AIDS has
received a lot of research attention [6,7,8]. Therefore,
sensitive, rapid and precise determination of PCs has
created growing interest in the environmental control,
protection, and health benefits [9,10]. Colorimetric and
ultraviolet spectrophotometric analyses [11,12], high
performance liquid chromatography [13], gas chroma-
tography [14], and capillary electrophoresis [15] are

now commonly used for the determination of PCs as
standard methods. However, these schemes do not eas-
ily allow continuous on-site monitoring, they have high
costs, are time-consuming, they need skilled operators,
and also sometimes require preconcentration and extrac-
tion steps. To solve this problem, a simple, effective and
fast alternative method for the determination of phenolic
compounds is desirable.

Amperometric biosensors for PCs based on poly-
phenol oxidase are proving to be promising for this
purpose [11,16]. Biosensors based on pure enzymes
may provide a promising method for a simple, fast
and sensitive detection of phenolic compounds. How-
ever, many of them have a limited lifetime due to
enzyme inactivation by the biocatalytically gener-
ated quinine products. Thus, development of good im-
mobilization methods and materials to improve the
biosensor stability is very significant [17,18]. For
determination of phenolic compounds, biosensors modi-
fied with tyrosinase [19,20,21], peroxidase [22,23,24],
and laccase [25,26,27] have been reported. Plant and an-
imal tissues have been successfully employed as biocata-
lytic components in the construction of biosensors for
about two decades. When biosensors are compared with
immobilized isolated and pure enzymes, tissue-based
biosensors show potential advantages of low cost, high
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stability, longer lifetime, and high level activity. Since
1981, when the first plant tissue-based electrode was
reported, immobilization of polyphenol oxidase (PPO)
with some plant tissue homogenate for use in determina-
tion of phenolic compounds was performed by dissolved
oxygen probe [28,29]. However, in this article, PPO
within banana peel tissue homogenate was immobilized
on a glassy carbon electrode (GCE).

In this study, we describe a new amperometric bio-
sensor for the determination of PCs based on banana peel
(Musa cavendish) plant tissue. The enzyme PPO in the
peeled banana (Musa cavendish) has been characterized
in a previous study but the enzyme PPO in the banana
peel (Musa cavendish) has not been characterized in the
literature yet [30]. Optimization and characterization
studies of the new biosensor based on banana peel were
carried out. For each phenolic substrate, the calibration
graphs were drawn and detection limits were determined
using the biosensor. Inhibitor studies and application for
determination of the phenolic compounds in some drinks
were also performed.

MATERIALS AND METHODS
Reagents

All reagents used were of analytical grade. Buffer solu-
tions were prepared using distilled water. The banana
peel used was purchased from Anamur-Mersin grocery.
KH,PO,, K,HPO,, phenol, Na,HPO,, NaH PO,, hydro-
quinone, pyrogallol, catechol, ascorbic acid, thiourea,
benzoic acid, CuSO,, ZnSO,, and HgCl, were purchased
from E. Merck (Germany). Glutaraldehyde (25%),
sodium sulfite, sodium bisulfide, cysteine, gelatin (225
Bloom), glycine, L-Dopa, p-cresol, gallic acid, caffeic
acid, rutin hydrate, 4 hydroxy cinnamic acid, resorcin,
and quercetin were purchased from Sigma (St. Louis,
MO, USA).

Apparatus

In this study, a potentiostat (Palmsense, Netherlands),
glassy carbon working electrode, Pt counter electrode,
and Ag/AgCl reference electrodes (Basi, W. Lafayette,
USA) were used for determination of the flowing cur-
rent level. All the measurements were carried out at a
constant temperature using a thermostat (Niive BM 302,
UK). To prepare the buffer solution a magnetic stirrer
(RCA, UK) and pH meter with an electrode (Schott
Handlylab, Spain) were used. The temperature in the
reaction cell was maintained unchanged by circulat-
ing water at an appropriate temperature around the cell
compartment during the experiment.

Procedure

Preparation of the bioactive layer material. 165 mg of
banana peels were weighed and homogenized with 550
uL working buffer (66 mM, pH 7, phosphate buffer) by
a manual glass homogenizer. Freshly prepared tissue
samples were used for each day.

10 mg gelatin was weighed and added to a test tube.
Banana peel tissue homogenate (300 uL.) was added into
the test tube. The mixture of banana peel homogenate
and gelatin was incubated at 38 °C for 15 min to dissolve
gelatin.

Preparation of the biosensor. Gelatin-banana peel
tissue (30 uL) homogenate was dispersed over the
cleaned GCE surface and allowed to dry at 4°C for
30 min. For cross linking with glutaraldehyde, the
probe-carrying bioactive layer was immersed into
5% (v/v) glutaraldehyde solution (in phosphate buf-
fer, 20 mL, 66 mM, pH 7) and was allowed to stay for
5 min. Then the biosensor was washed with distilled
water to remove excess glutaraldehyde and it was ready
to use.

After it was used, the biosensor was stored at 4°C in
a flask that contained distilled water. The biosensor did
not have contact with the water. This condition provided
a moisture medium; therefore the dryness of the bioactive
layer was prevented.

Measurement procedure. The GCE based on banana
peel tissue homogenate, Pt counter electrode, and Ag/
AgCl reference electrode were put into the thermostatic
reaction cell containing the working buffer (pH 7.0, 66
mM sodium phosphate buffer) and the magnetic stir-
rer was fixed at a constant speed. Then —0.700 mV
potential was applied for the reduction of the oxygen
on the tissue-modified GCE surface. A few minutes later,
the current of the system was equilibrated because of the
diffusion of dissolved oxygen between the working buf-
fer and tissue-modified GCE. At this time, the phenolic
compound was injected into the thermostatic reaction
cell. The flowing current started to decrease and, a few
minutes later, it reached the constant value due to the
enzymatic reaction equilibration below.

Phenol + O, Pobphenoloxide _ o-quinone + H,0

At this moment, constant current was recorded.
Electrical response, which constituted the output signal
from the biosensor, was acquired using the PalmsensePC
software package, purchased from the Palm Instrument
PV (Ivium Technologies, Netherlands). Measurements
were carried out by noting the decrease of current in rela-
tion to the phenolic substrate concentration added into the
reaction cell.
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Figure 1. Effect of the banana peel amount on the biosensor
response

RESULTS AND DISCUSSION
Effect of the Banana Peel Tissue Amount

The amount of tissue on GCE surface changed as shown
in Fig. 1 for the determination of the effect of tissue
amount on the biosensor response. As is obvious from the
figure, the optimum amount of the tissue was 7.96 mg/cm?
because of better linear range and higher response than
3.98 mg/cm? and 11.94 mg/cm? tissue. Tissue amounts
of tissue-based biosensors have a wide range. Optimum
amount of tissue on the electrode surface depends on
amounts and types of enzymes in different tissues. For
example, optimum tissue amount of mushroom and
Jerusalem artichoke-based biosensors were given as 44.25
mg/cm? and 98 mg/cm?, respectively [28,31].

Effect of the Gelatin Amount

Experiments were carried out by keeping the amount of
banana peel tissue and percentage of glutaraldehyde con-
stant, in order to investigate the effect of differing gelatin
amounts on the GCE surface. Results obtained are given
in Fig. 2.

As can be seen in Fig. 2, the highest biosensor re-
sponse was observed when 0.88 mg/cm? gelatin was used.
Same results were reported for gelatin-based biosensors
in the literature. For example, optimum gelatin amounts
of spinach- and cucumber-based biosensors were given as
0.89 mg/cm? and 0.70 mg/cm?, respectively [32,33].

Effect of the Glutaraldehyde Percent

For the determination of the effect of glutaraldehyde
percent on the biosensor response, banana peel tissue
amount and gelatin amount were kept constant and we
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Figure 2. Effect of the gelatin amount on the biosensor
response

changed the glutaraldehyde percent in the experiments.
As can be seen in Fig. 3, the optimum glutaraldehyde
percent was 1.25%. The used percentage of the glutaral-
dehyde for construction of a tissue-based biosensor may
change according to the type of tissue and immobiliza-
tion material and also the surface area of the electrodes.
A similar result was reported for Malva vulgaris based
biosensor [34].

pH Effect on the Biosensor Response

The activity of the biosensor as a function of pH when
catechol is used as a substrate is shown in Fig. 4. The
citric acid buffer used was pH 4, phosphate buffer used
was in the pH range from 5-8, and glycine buffer used
was pH 9. It is seen that there are decreases in the activ-
ity of the biosensor in the pH range from 4-6 and 7.5-9.
The highest activity was obtained at pH 7. PPO enzymes
where found in various plants have optimum pH range
of 5-8. This result is compatible with the literature [35].
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Figure 3. Effect of the glutaraldehyde percent on the biosensor
response
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Figure 4. Effect of the pH on the biosensor activity

Effect of the Temperature

The effect of assay temperature (20-50°C) was ex-
amined by using catechol. As is shown in Fig. 5, the
maximum sensor response was found at 35°C. Therefore,
this temperature was accepted as optimum temperature
for all following experiments. PPO enzymes in various
plants show maximum activity at a range of 25-40°C.
The same result (35°C) was given for mushroom-based
biosensors for determination of phenolic compounds
[35,36].

The Effect of the Buffer Concentration on the
Biosensor Response

The increase of buffer concentration contributes to the
reproducibility of biosensor response together with
the decay of the response value and the lifetime of the
immobilized enzyme or tissue. Because of this, we also
investigated optimum concentration of the working
buffer. According to the results obtained by testing three
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Figure 5. Effect of the temperature on the biosensor activity

different buffer concentrations, 33, 66, and 132 mM,
the highest biosensor response was obtained in 66 mM
sodium phosphate buffer.

Linear Range

Fig. 6 shows the calibration curve of the biosensor
based on banana peel tissue for catechol. A linear graph,
defined by the equation y = 195.5 x + 12.12, (R* =
0.999), was obtained. Linearity was found in the range
of 10-80 uM. At higher concentrations, the standard
curve showed a deviation from linearity. The deviation
was due to the limited amount of the polyphenol oxidase
in the bioactive material or insufficient dissolved oxygen,
which is a co-substrate of the enzyme. The minimum
detectable concentration of the catechol was estimated
to be 10 uM.

Reproducibility

The reproducibility of the biosensor was tested by
6 average standard solutions containing equal amounts
of catechol (50 uM). The standard deviation (SD), varia-
tion coefficient (cv), and average value (X) were calcu-
lated as 1.44 X 1073 uM, 2.69% (n=6) and 49.75 uM,
respectively.

Storage Stability

For this purpose, the long-term performance of the
biosensor was evaluated intermittently over a period
of 24 days by monitoring its response to standard
catechol solution. The biosensor was stored as described
in the biosensor preparation section above. Although
this condition provides a moisture medium for the
biosensor, it is also possible to prevent drying bioactive
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Figure 6. Calibration curve for catechol
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Table 1. Inhibition studies

Substances®! Inhibition (%)
Cysteine 129
Hg?*® 212
Sulfide 9.3
Bisulfide 9.5
Cu?*e 1.3
Zn>*t¢ 1.1
Benzoic acid 4.3
Thiourea 3.5

2Concentrations of substances tested and catechol used as a
substrate were 100 and 200 UM, respectively.

"HgCl, was used for Hg*" ions.

CuSO, and ZnSO, were used for Cu** and Zn>* ions.

dMean of three determination.

layer of the biosensor. In this condition, after a five-day
storage period, the biosensor didn’t lose any activity
at the end of the 6th, 10th, 17th, 20", and 24th days;
the remaining activities of the biosensor were 95.7,
83.2, 78.3, 76.4, and 74.6%, respectively. If the bio-
sensor lifetime was compared with the other biosensor
constructed using glutaraldehyde, gelatin and tissue
homogenate by Sezginturk et al. [34] (10 days), it was
found that the storage stability of the biosensor is good.
Also, Portaccio et al. [26] and Eggins et al. [37] have
reported 10 days and 21 days lifetime for phenolic
compounds detection by biosensors, respectively.

Inhibitory Effect

In order to show the inhibitor effect on the biosensor-
based banana peel, some metal ions and certain sub-
stances were tested. Catechol is used as a substrate and
inhibitors tested were of 20 uM and 10 uM, respectively.

Hakki Mevlut Ozcan and Ayten Sagiroglu

After electrodes were placed in the thermostatic reaction
cell and the inhibitor solution was added, —0.700 mV
potential was applied. When the flowing current reached
a constant value, catechol was injected into the reaction
cell. The flowing current started to decrease and a few
minutes later it reached the constant value, but not as
much when the measurement had been done without
the inhibitor. Inhibition studies were carried out by the
change of flowing current. The results of the inhibition
studies are shown in Table 1. As is seen in Table 1, Hg*?
have the highest inhibitory effect and Zn*? have the low-
est inhibitory effect on the biosensor. Benzoic acid and
thiourea have showed lower inhibitory effect than the
results reported for tissue-based biosensor for determi-
nation of phenolic compounds by Sezginturk et al. [31].
The results presented show that the banana-peel-based
biosensors were not significantly affected by any inhibitor
for PPO enzymes.

Determination of Some Phenolic Compounds

The biosensor was applied to twelve phenolic com-
pounds and ascorbic acid. Analytical results for each
compound, obtained by the experiments, are summa-
rized in Table 2.

As seen in Table 2, caffeic acid showed the highest
activity. The activity of pyrogallol was 15.9% lower
than the activity of catechol. Pyrogallol activity was
followed by cinnamic acid, hydroquinone, catechol,
p-cresol, ascorbic acid, gallic acid, resorcin, phenol,
rutin, quercetin, and L-dopa. Although ascorbic acid
was not a phenolic compound, the response obtained by
the biosensor for ascorbic acid was 4.9%, which is less
than the response of catechol. This probably resulted
from the universal interference effect of ascorbic acid.
Moreover, it may result from the cyclic form of ascorbic
acid in an aqueous solution.

Table 2. Results obtained from the measurements of the some phenolic compounds

Phenolic compaund Activity (%) Linear Range (uM) R? y
Catechol 100 20-80 0,999 195,5x + 12,12
Pyrogallol 117,7 10-60 0,996 440x + 5,30
P-Cresol 96 10-50 0,996 143x + 13,47
Hydroginone 106,7 10-70 0,998 284.4x + 9,71
phenol 63,6 10—40 0,993 259x + 2,45
L-Dopa 50 20-60 0,995 252x — 0,60
Gallic Acid 83,3 10-80 0,997 239x + 6,51
Caffeic Acid 139,9 20-70 0,996 136,5x + 22,08
Rutin 55,6 20-50 0,997 224x + 1,96
Cinnamic Acid 108,1 10-60 0,993 315,8x + 8,05
Resorsine 65,1 10-40 0,996 80x + 9,75
Quersetine 55,1 20-60 0,987 29,42x + 9,67
Ascorbic Acid 96 20-80 0,997 284.5x + 8,17
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Table 3. Phenolic compound measurements in some drink
samples

Included Calculated amount

amound of calibration =~ Recovery

Subtences® (UM) curve (UM) (%)
Apple Juice ( Pmar 26 26,19 = 0,07 100,7
%100) 40 40,20 £ 0,19 100,5
CocaCola 26 26,89 *= 0,51 103,4
52 52,58 = 0,42 2101,1
Fanta 30 30,58 = 0,36 101,9
72 71,82 = 0,28 399,75
Grape Juice (Tamek 40 42,56 = 0,28 106,4
%100) 72 74,17 £ 0,43 105,96
Beer (Efes Pilsen) 44 44,71 £ 0,28 101,6
68 67,55 = 0,29 099,34
White Wine (Guzel 34 34,04 = 0,26 100,1

Marmara) 66 65,50 £0,26 299,24

aMean of five determimation

Sample Applications

The tissue biosensor based on banana peel was applied
using a standard addition method in some drink samples.
The samples, which included a known amount of catechol
(100 uM), were used as stock substrate solutions with
different dilution ratios derived by working buffer and
were added into the reaction cell, equilibrated, and then
the change in current was measured. The signals derived
from the drink samples were found to be very similar with
the standard catechol solutions having the same concen-
tration. Results are expressed as mean = S.D, (n=5). The
results of the measurements of drink samples are shown
in Table 3. As is seen in Table 3, the biosensor response is
not influenced by alcohol and sugar during the measure-
ments of PCs in beer, wine, and fruit juice.

CONCLUSION

Our observations showed that the biosensor based on
banana peel tissue developed in this study could be a
good alternative detection method without requiring
sample pretreatment. Moreover, sugar content or the
alcoholic nature of the samples did not interfere with
our measurements. The biosensor is able to measure
phenolic compounds, such as caffeic acid, pyrogallol,
cinnamic acid, hydroquinone, catechol, p-cresol, ascor-
bic acid, gallic acid, resorcin, phenol, rutin, quercetin
and L-dopa, and the biosensor will be useful for studies
seeking to understand the total level of these compounds
in some products. All the measurements showed that the
biosensor obtained could be used simply and rapidly,
and it has the advantage of being inexpensive. The total
analysis time of a measurement takes 10-12 min. The

proposed biosensor can analyze thirteen kinds of PCs
by using their standard curves. However, in a real drink
sample such as wine and fruit juice, it is more difficult to
detect phenolic compounds separately. In these samples
it is possible to analyze total phenolic compounds by
the banana peel tissue-based biosensor. Moreover, we
anticipate that this biosensor can be used not only for the
analysis of phenolic compounds but also for monitoring
certain substances which inhibit the PPO in the bioac-
tive material. This study also demonstrates the successful
application of a plant tissue on GCE for construction of
a biosensor by using uncharacterized tissue (banana peel)
in the literature.

Declaration of interest: The authors report no conflicts
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content and writing of the paper.
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