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This study reports on deposition of asymmetrical substituted meso-phenyl porphyrin, 5-
(4-carboxyphenyl)-10,15,20-triphenylporphyrin (CPTPP) thin films by matrix-assisted
pulsed laser evaporation (MAPLE) on screen-printed electrodes, aiming for histamine
detection. Raman spectrometry confirmed that CPTPP chemical structure was preserved in
MAPLE-deposited thin films at 200 mJ/cm2 laser fluence. Atomic force microscopy
topography revealed that MAPLE-deposited thin films have a better coverage on the
working electrode made of carbon compared to the ones obtained by dropcasting. Cyclic
voltammetry demonstrated that CPTPP is an appropriate mediator for histamine detection
in trichloroacetic acid solution. We proved that MAPLE serves as a soft technique in
fabrication of porphyrin thin films and patterns.

© 2017 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
Mots-cl�es:

Porphyrine
Couches minces
�Evaporation laser assist�ee par matrice
M�ediateur �electrochimique
�Electrochimie de l'histamine
s o m m a i r e

Cet article traite du d�epôt de couches minces, par �evaporation laser assist�ee par matrice
(MAPLE), de 5-(4-carboxyph�enyl)-10,15,20-triph�enylporphyrine (CPTPP) substitu�ee
asym�etriquement. Les couches minces ont �et�e d�epos�ees sur des �electrodes imprim�ees,
avec comme objectif la d�etection de l'histamine. La spectroscopie Raman a confirm�e que la
structure chimique de la CPTPP a �et�e pr�eserv�ee dans les couches minces d�epos�ees par
MAPLE avec une fluence laser de 200 mJ/cm2. La topographie AFM a r�ev�el�e une meilleure
couverture de l'�electrode de carbone par MAPLE par rapport au dropcast. La voltam�etrie
cyclique a d�emontr�e que la CPTPP est un m�ediateur appropri�e pour la d�etection de
d by Elsevier Masson SAS. All rights reserved.
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l'histamine dans une solution d'acide trichlorac�etique. On montre que MAPLE est une
technique douce pour la fabrication de couches minces et de motifs de porphyrine.

© 2017 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
1. Introduction

Histamine is an important biogenic amine present in
many foods, vegetables, and fruits. It acts as a chemical
messenger in biological systems [1e3]. When food is not
processed and packed in hygienic conditions, the amounts
of histamine and all biogenic amines can increase to toxic
levels. The meat freshness is related to the level of biogenic
amines (histamine, cadaverine, and putrescine to name
few [4]). For histamine, the caution level is 50 ppm,
whereas the maximum accepted levels range from
200 ppm (in EU) to 500 ppm (USA), respectively [5]. Such a
low level of detection requires advanced functional ma-
terials with high sensibility/selectivity in chemosensor
science. Traditionally, high performance liquid chroma-
tography (HPLC) mass spectrometry is used to analyze the
biogenic amines with precolumn or postcolumn derivati-
zation [1,6,7]. The electrochemical methods, inexpensive
and less time-consuming in analysis, still have to over-
come the high oxidation potential and all polyamines that
are considered electroinactive in aqueous solutions [8]. For
instance, the histamine has the oxidation potential ∽1.2 V
versus standard calomel electrode in 0.1 M phosphate-
buffered solution (pH¼ 7) at a glassy carbon or boron-
doped diamond electrode [9]. These values are close to
the water oxidation, with respect to the carbon electrode
oxidation that induces a high background current. There
are three approaches in designing electrochemical sensors
for biogenic amine detection: (1) mediator-less electrode
with large window potential such as boron-doped dia-
mond films or oxides with transfer of oxygen atoms from
H2O to the analyte oxidation [6,10]; (2) enzyme-modified
electrode (amino-oxidases or horseradish peroxidase)
[11,12] where the oxidation potential reduces down to
þ700 mV versus Ag/AgCl; and (3) chemically modified
electrode with different sensitive layers, nanoparticles,
and so forth [13,14]. The chemically modified electrodes
with porphyrins and metalloporphyrins have opened a
new approach in sensing of biogenic amines taking into
account their ability in molecular recognition for different
analytes [15e18]: (1) Porphyrins have a large window
potential on average 2.2 V between oxidation and reduc-
tion potentials [19,20]. (2) The oxidation potential is close
to the oxidation potentials of the biogenic amines, favor-
able to design a porphyrin-based screen-printed electrode
(SPE). (3) They could be bonded to the electrode (carbon
paste, glassy carbon, carbon nanopowders, etc.) via
carboxyl or hydroxyl groups during surface treatment
[21,22]. (4) Porphyrins are known as building blocks for a
large class of biomolecules, biocatalysts with extensive
applications in life processes, and in sensing. For example,
chlorophyll fluorescence is used for monitoring CO2 up-
take by earth vegetation [23] or new optoelectronic
devices in hybrid combinations with other biomolecules
[24,25]. (5) Low solubility in water to allow for the use of
acidic or basic water solutions as electrolyte with different
biomolecules. (6) The dications of free base porphyrins
(generated in acidic electrolyte solutions) have a high af-
finity for the electron-donating molecules reducing their
oxidation potentials or amplifying the electron transfer to
the electrode surface [15].

There are few porphyrin-related reports for biogenic
amine sensing [26]; to date, there has been no optimized
couple, chemically modified electrodeeappropriate elec-
trolyte, that could initiate the electrochemical oxidation
of biogenic amines in a potential window less than 1 V. In
this respect, we propose to explore the histamine sensing
using a novel asymmetrical substituted meso-phenyl
porphyrin, namely, 5-(4-carboxyphenyl)-10,15,20-triphe-
nylporphyrin (CPTPP) thin films deposited on an SPE by
matrix-assisted pulsed laser evaporation (MAPLE) [27,28].
MAPLE technique has been enabled to transfer complex
molecules onto a substrate at a specific laser fluence,
preserving the conformational and molecular structure,
thus maintaining the intrinsic properties [29] including,
in this case, the sensing capability [30e32]. The electro-
lyte consists of aqueous trichloroacetic acid (TCA) solu-
tion. TCA is used in standard HPLC methods for
derivatization of biogenic amines, acting as an electron
acceptor. The molecular complex TCAehistamine has a
high electronegativity, favorable for both the improved
electron transfer and CPTPP oxidation. This work shows
that the histamine is not directly electro-oxidized, rather
the CPTPP oxidation is improved by TCAehistamine
complex.

2. Experimental section

2.1. Materials and methods

Sensitive layer consists of asymmetrical substituted
meso-phenyl porphyrin, CPTPP, synthesized and charac-
terized similar to previously reported [33e35]. In text,
H2TPPep-COOH (Fig. 2) will be used also for discussions in
Section 3.3. H2TPPe refers to the free base tetraphe-
nylporphyrin macrocycle, whereas ep-COOH represents
the p-carboxyphenyl as the only functional substituted
group on meso position of the porphyrin periphery.

The SPE (SPE-110, DropSense) contains three electrodes:
(1) a working electrode (WE), which is a carbon disc with
4 mm diameter; (2) a counter electrode ring at 1 mm dis-
tance from WE; and (3) a Ag ring pseudoreference elec-
trode. SPE-110 is convenient for working with maximum
50 mL volume (Fig. 3 inset).

For comparison, two SPEs are fabricated: (1) SPE with
CPTPP dropcasted over WE from a solution of 1% CPTPP in



Fig. 1. AFM topography: (a) dropcasted porphyrin layer (SPE-D) and (b) MAPLE-deposited porphyrin thin films over a carbon working electrode area at 200 mJ/
cm2 laser fluence, 20,000 pulses (SPE-M).

Fig. 2. Typical Raman spectra. Porphyrin deposited by dropcasting (SPE-D) and by MAPLE (SPE-M). Rectanglesdcontribution from carbon electrode (G or D
bands, respectively). In inset the CPTPP molecular structure is given.
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chloroform with drying at 50 �C overnight in desiccator
(SPE-D), and (2) SPE with CPTPP deposited by MAPLE
technique (SPE-M) as described subsequently.

All chemicals were used as received. Histamine, TCA,
and phosphate-buffered saline solutions (pH¼ 7.4) of
analytical grade were purchased from SigmaeAldrich.
Electrolyte consisted of 0.02 M TCA in HPLC water. Stock
solutions for tests with concentrations within the range of
0.7e100 ppm histamine in 0.02 M TCA were prepared,
flushed with nitrogen, and stored in nitrogen atmosphere
to remove dissolved oxygen in water. For each electro-
chemical analysis, 40 mL of stock solutions with histamine
in 0.02 M TCA were dropped over SPE.
2.2. MAPLE experimental conditions

For MAPLE depositions, 0.2 g CPTPP was homogenously
suspended in a 20 mL chloroform organic solvent by ul-
trasonically stirring. Then 3.5 mL of obtained solution was
poured in a precooled target holder. After that, the holder
was immersed in nitrogen liquid (LN2) for 30 min, and the
solution was frozen at 173 K. This was further used as a
solid target in the deposition chamber where a cooler
supplied with LN2 flow kept it frozen during the multipulse
irradiation and evaporation.

MAPLE depositions of CPTPP thin films were conducted
using a KrF* (l¼ 248 nm, tFWHM¼ 25 ns, and pulse



Fig. 3. a) Cyclic voltammetry on SPE-110 (1), SPE-M without TCA for 15 ppm histamine in buffer solution (2), and SPE-M in 0.02 M TCA for 0.15 ppm histamine
(3), 0.73 ppm histamine (4), 1.5 ppm histamine (5), 3.7 ppm histamine (6), 7.3 ppm histamine (7), and 15 ppm histamine (8). (Curves 3, 4, 5, 6, 7, 8 are multiplied
with by factors 1.25, 1.5, 1.75, 2, 2.25, 2.25.) ia and ic are current density for anodic and cathodic waves, respectively. (b) Example of calibration curve showing the
dependence between the current density of first oxidation peak (ia1) and histamine concentration (ppm). Inset: SPE-110 (DropSense).
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repetition rate¼ 10 Hz) excimer laser source that was
operated at a fluence of 200 mJ/cm2 and for 10,000e20,000
subsequent laser pulses. The laser spot area was set at
10.2 mm2. The target was rotated at a rate of 0.4 Hz during
deposition to avoid heating and damage by the pulsed laser
beam.DuringMAPLEdeposition, the laser beamscanned the
entire target surface at an angle of 45�. All depositions were
conducted in a vacuum reaction chamberwith a background
pressure of 30e40 Pa and substrate-to-target distance of
4 cm. Thinfilmswere deposited onto double-side polished Si
〈100〉 substrates for atomic force microscopy (AFM) and
Raman spectrometry investigations, and SPE-M substrates
for electrochemical analysis. For comparison data, a control
set offilms (SPE-D)waspreparedbydropcastingon the same
Si 〈100〉 substrates. Before MAPLE deposition, SPE-M WE
area was cleaned by immersion in an Elma Transsonic T 310
ultrasonic bath (Elma GmbH & Co. KG, Singen, Germany),
filled with ethanol, and then dried in air under UV exposure
from a VL-115 UV lamp (VilberLourmat, Marne-la-Vallee
Cedex, France). For the optimum deposition rate, the laser
fluence was adjusted at the value of 200 mJ/cm2. Over this
threshold, CPTPP loses its structure integrity, whereas for a
value less than 150 mJ/cm2 the deposition rate is very low.

2.3. Material characterization

An AFM SPM (NTegra Prima, NT-MDT) platform was
used in semi-contact mode. Thin film thickness was
recorded using a Stylus Profiler XP-2 system (Ambios) with
a 0.1 nm vertical resolution, an optical deflection height-
measurement sensor and stylus with a 2.5 mm radius and
0.1 mg force. Raman spectrometry spectra of thin films
were collected using a Jasco NRS 3100 with dual laser
beams, 532 nm wavelength. Electrochemical analysis was
performed using a Voltalab 40 system (Radiometer
Analytical) adapted for SPEs to perform linear sweep vol-
tammetry and cyclic voltammetry at different scan rates.

3. Results and discussions

3.1. AFM topography

AFM micrographs of CPTPP thin films deposited both
using MAPLE technique (SPE-M) at the 200 mJ/cm2 laser
fluence and simple dropcast method (SPE-D) are shown in
Fig. 1. Films deposited by dropcast (SPE-D, Fig. 1a) are quite
different in both morphology and topography in compari-
son with those deposited by MAPLE (SPE-M) (Fig. 1b).
Dropcast-deposited films are made of aggregates randomly
distributed on the electrode surface, some of them being
stacked. Their dimensions range from 200 to 300 nm up to
1.2 mm (Fig. 1a, insets a1 and a2). CPTPP porphyrin thin
films deposited on SPE-M show small spherulitic particles
evenly spread across the electrode surface (Fig. 1b). Their
dimensions range from 100 to 200 nm. When the number
of pulse increases over 20,000, the aggregation of particles
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is noticed. In Fig. 1b (inset b2 shows a detail of inset b1), a
uniform distribution of spherulitic porphyrins covering the
electrode surface can be observed. Root mean square (RMS)
average roughness reaches ∽70 nm. According to our
measurements, the films thickness was 300± 30 nm.

The laser fluence, concentration of porphyrin in the
frozen target, and the number of pulses are the parameters
that significantly influence the films morphology [36,37].
Laser fluence dominates the preservation of both structure
and conformation of the molecules evaporated and then
transferred to substrate. Optimum laser fluence established
in this work was ∽200mJ/cm2. The increase in either solute
concentration and/or number of pulses applied for the
deposition of one film cause the molecule aggregation in
spherulitic shapes and their further agglomeration,
respectively.

3.2. Raman spectrometry

Typical Raman spectra reveal the level of degradation/
preservation of the CPTPP molecular structure and
composition by comparison between dropcast-obtained
coatings (SPE-D) and MAPLE-deposited thin films (SPE-
M). The characteristic bands of CPTPP were identified both
in the dropcast-obtained coatings (SPE-D) and MAPLE-
deposited thin films (SPE-M), and the band assignments
are being summarized in Table 1.

Both dropcast-obtained coatings (SPE-D) and MAPLE-
deposited thin films (SPE-M) have similar Raman bands
for laser fluences up to 200 mJ/cm2 (Fig. 2).

The peaks of MAPLE-deposited-films (SPE-M) are
broader, with low intensity shoulders, suggesting an over-
tone of several vibration modes. In the case of SPE-D films,
the Raman spectra have well-defined peaks, with a narrow
Gaussian distribution and rare shoulders. This aspect cor-
responds to a physical aggregation of the particles [50],
without chemical interaction (in agreement with the AFM
micrograph, Fig. 1a) that is also observed in Ref. [38]. In this
case, the vibrational modes for CaeCm and CaeN have
either upshifts or downshifts. This strongly depends on
Table 1
Band assignments of the Raman spectra of CPTPP.

Band
(cm�1)

Vibration mode assigned Reference

1552 nasymm (CaeCm) porphyrin ring skeleton
þ symmetric stretching motion of four
CbeCb bonds

[41e43]

1477 nsymm(CbeCb, CaeCm) phenyl ring [44]
1331 nsymm (Cpyrrole) pyrrole skeleton, in-

phase and out-of-phase symmetric
half-ring motion of pyrrole ring

[32,45]

1243 dsym(CbeH) pyrrole skeleton [32,46]
1180 nasymm (CaeN) þ NeH bend [32,33]
1142 nsymm (CaeH) pyrrole skeleton [30,32]
1084 nsymm (CbeH) [30,33]
1008 nbreath (pyrrole) þ nsymm phenyl

skeleton þ n (CaeCb) þ n (NeCa) þ
porphyrin skeleton

[22,31,43,47,48]

912 nasymm (CaeN) þ NeH bend [22,33]
878 nsymm (phenyl) [33]
831 dsympyrrole skeleton and n (pyrolic

deformation)
[32,49]
both the shortening of single bonds and lengthening of
double bonds and may be related to a loss of planarity of
the porphyrin cycle. This effect can be observed in the
MAPLE film spectra (SPE-M), in which the bands centered
at 1552, 1477, and 1331 cm�1 are slightly shifted in com-
parison to the SPE-D films. When comparing the typical
porphyrin skeleton vibration bands centered at 1552, 1243,
and 1084 cm�1, no shift can be observed in the both films.
However, two low intensity bands centered at 1180 and
912 cm�1 are observed in the MAPLE spectra (SPE-M).
These bands correspond to the pyrrole breathing mode
[39], and are assigned to the deformation of the CeNeH
bond angles. The carbon substrate bands (assigned to G and
D bands, respectively) are indexed in the rectangle areas on
SPE-M spectrum.

3.3. Electrochemical analysisdcyclic voltammetry

The cyclic voltammetry method gives information
related to the redox reactions for one analyte at the inter-
face electrode mediator in an appropriate electrolyte sup-
port. Histamine (the analyte used in our studies) has a high
oxidation potential (∽1.2 V [9]) and TCA an electro-
reduction potential down to ~�700 mV [40]. For any
aqueous solution, when a WE-based carbon is used, the
maximum potential window cannot be higher than 1.23 V;
otherwise the electrolysis is taking place. Therefore, the
cyclic voltammograms are recorded within the potential
window �400 to 1000 mV. The cyclic voltammograms
recorded on SPE-110 at different concentrations (up to
15 ppm) for both histamineebuffer solutions and hista-
minee0.02 M TCA have no electrochemical activity (Fig. 3a,
curve 1); even for high concentrations, there is no elec-
trochemical response. When CPTPP is immobilized on SPE
(SPE-M) and cyclic voltammograms are recorded for his-
tamine at high concentration (15 ppm in buffer solution,
Fig. 3, curve 2), several very weak oxidation peaks are
identified around of 180, 300, and 640mV. This seems to be
interesting because the earlier studies on carboxyphenyl-
H2TPP electroactivity in organic solvents (such as CH2Cl2)
have shown weak oxidation peaks at ∽600 and ∽840 mV,
respectively. This behavior depends on the scanning rate
[41] and is assigned to the p-dication H2TPP macrocycle.
The only assumption is that the histamine can react with
the COOH group from CPTPP by changing the oxidation
potentials to the lower value for p-dication H2TPP macro-
cycle. Previous studies have proved that the histamine can
be protonated/deprotonated in eCOOH/acetate aqueous
media (using acetic acid as reference; the acid acetic acid
dissociation constant (pKa) is ∽4.76) [51].

By comparison, the carboxyphenyl group from CPTPP
has an appropriate pKa similar to the one of the benzoic acid
(pKa ∽4.2). This group is expected to form a CPTPPehist-
amine complex where the dications of free base porphyrins
have lower oxidation potentials. The very weak response in
current density, even for high concentration (Fig. 3a, curve
2), indicates that there are several potential barriers and
steric effects that have direct access to the eCOOH by
histamine.

In the case of a strong acid, such as TCA (pKa ∽0.66), the
histamine is readily derivatized in histamine-
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trichloroacetate (by the same protonation mechanism [51]),
used as standard methods in HPLC [1,6,7]. As previously
demonstrated [51], the histamine has three protonation
sites. Therefore, the histamineeTCA molecular complex be-
comes more effective in generation of eH2TPP dications
within the acidic electrolyte solutions at lower oxidation
potentials and thus improving the electron transfer to the
electrode surface [15]. This happens when CPTPP is immo-
bilized on SPE, the cyclic voltammograms show several
oxidationpeaks assigned toH2TPPmacrocycle oxidation (the
first two peaks at ∽180 and ∽300 mV, respectively, on the
anodicwaves) and a third oxidationpeak at∽640mV(Fig. 3a,
curves 3e8). Replacing the electrolyte with an electron
acceptor (TCA) in the presence of histamine, the oxidation of
the H2TPP macrocycle is improved with well-defined two
reversible redox peaks assigned to the reactions:

H2TPPep� COOH/ðH2TPPÞ$þep� COOH;
first oxidation state ð � 180 mVÞ (1)

ðH2TPPÞ$þep� COOH/ðH2TPPÞ2þep� COOH;
second oxidation state ð � 300 mVÞ (2)

These electropositive macrocycles, (H2TPP)þ, could
generate intermolecular hydrogen bonds from vicinal ep-
COOH and might be self-reduced, but unexpectedly, due to
porphyrin versatility are irreversibly oxidized at ∽640 mV.

On the other hand, when the histamine is added into the
TCA electrolyte, the current density for both the first
oxidation peak (ia) and reduction (ic), respectively, increase
with a ratio (ic/ia)1z 1, which is a quasi-reversible process
for the first oxidoreduction state. Both oxidation peaks
reach to maximum when the histamine concentration is 7
e8 ppm (Fig. 3a, curves 2e7). The current density for the
second oxidation peak increases with the histamine con-
centration, whereas (ic/ia)2 < 1, signifying a quasi-reversible
reaction with intermolecular transfer. The last oxidation
peak (∽640 mV) has a similar behavior to that of the first
oxidation peak. When the histamine concentration is
>8 ppm in 0.02 M TCA, the oxidation peaks shift to higher
potentials with ~100e120 mV; the oxidation peaks on the
anodic wave decrease; the reduction peak on the cathodic
wave remain approximately constant (Fig. 3a, curve 8).

These findings lead to the several assumptions: (1) TCA
could be an appropriate electrolyte for a specific class of
water insoluble porphyrins (electron acceptor). (2) TCA
ehistamine complex has a high electronegativity, being
favorable to the first electro-oxidation state in CPTPP, when
the current density increases with the histamine concen-
tration. Earlier studies have shown the TCA ability to
extract histamine from tissues due to its participation in a
loose complex containing histamine [44]. It is supposed the
formation of molecular complexes between these sub-
stances, one acting as an electron donor and the TCA acting
as an electron acceptor. This molecular complex has a high
electronegativity because of the three chlorine atoms from
TCA and histamine with polyprotic behavior containing
three protonation sites [15], and the molecular structure
would be similar to those formed between aromatic com-
pounds and various electron acceptors [52,53]. On the
other hand, almost all porphyrins could be stepwise
electro-oxidized or electro-reduced by two electrons at the
aromatic p-ring system to give eitherp-cations or dications
and p-anions or dianions, respectively [19]. The window
potential (here the potential energy difference between the
highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO), referred to as the
HOMOeLUMO band gap) in the presence of the molecular
complexes with high electronegativity is expected to be
reduced and the electrochemical response to be dependent
of concentrations. (3) The first oxidation peak is electro-
chemically and chemically reversible, respectively, (ic/ia)1
z 1. The second peak is electrochemically reversible but
chemically irreversible, (ic/ia)2< 1.4. Over the histamine
concentration of 7e8 ppm, the oxidation peaks are over-
lapping and the reduction peaks reach to a plateau. This
could be assigned to a maximum concentration of molec-
ular complex histamineeTCA. (5) When the TCA solutions
change from 0.02 to 0.04 and 0.06 M, respectively, the
histamine detection could reach concentration of 30 and
60 ppm, respectively. Unfortunately, a high TCA concen-
tration deteriorates the plastic protective cover and needs
an improvement design for SPE-110.

Fig. 3b exhibits an example of a calibration curve
showing the dependence between the current density for
the first oxidation peak and the histamine concentration.
As visible from Fig. 3b, the detection limit of the sensor for
histamine in 0.02 M TCA is within the range of 0e8 ppm.

4. Conclusions

The asymmetrical substituted meso-phenyl porphyrin,
CPTPP was investigated as a sensitive layer in an electro-
chemical sensor for the trace detection of histamine, a
chemical compound associated with the freshness of meat
products. The sensitive layer was deposited onto the carbon
working area of SPE-110 using MAPLE technique at 200 mJ/
cm2 laser fluence with well preservation of both the
structure and functionality of porphyrin confirmed by AFM
and Raman spectrometry. The cyclic voltammetry per-
formed on SPE-M TCA solution opens a new approach to
exploit the porphyrin properties as mediator. More specific,
the porphyrins with eCOOH functional groups, such as
CPTPP, open a new way for detection of various amino
compounds of large interest in food safety and biochem-
istry fields. The results show several directions that need to
be further investigated: the design of novel porphyrins
with more than one eCOOH functional group and identi-
fication of mechanisms that drive the interaction between
eCOOH and amino compounds. These directions could give
insights into the novel design of chemosensors with
porphyrin mediators for analyte concentrations ranging
from picomole to micromole in an aqueous noncorrosive
electrolyte.

In this study it is shown that the oxidation peaks depend
on the concentration of histamine; because of its electro-
negative effect, TCA influences the oxidation of the H2TPP
macrocycle at lower potentials; the histamineeTCA com-
pound increases the number of H2TPP mono- and di-cat-
ions that are reflected in the current densities for each
oxidationereduction peak; and the saturation effect of
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current densities for each oxidation peak can be associated
with the maximum number of generated H2TPP mono-and
di-cations (i.e. to the quantity of CPTPP deposited by
MAPLE). The detection limit of the sensor for histamine is
within the range of 0e8 ppm. The data suggest that CPTPP
thin films can be used for the electrochemical detection of
histamine for a disposable sensor useful for food quality
control.
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