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Abstract

In this study, Fe TOMPP (Tetrakis(4-methoxyphenyl) phenylporphyrinatoiron(IIl)) was synthesized
and investigated for its peroxidase-like activity. The catalytic performance of FeTOMPP as a peroxidase
mimic was explored by utilizing the colorless peroxidase substrate, 3,3',5,5'-tetramethylbenzidine (TMB),
in the presence of hydrogen peroxide (H»0,). The oxidation of TMB by FeTOMPP resulted in the formation
of its blue oxidized state. This enzymatic reaction was employed for the quantitative detection of H»>O,,
with a linear detection range spanning from 1.0 to 100 uM. The detection limit achieved using FeTOMPP
as the catalyst was determined to be 2.4 uM. Furthermore, kinetic studies were conducted to investigate the
interaction between FeTOMPP and H,O». The results indicated that FeTOMPP exhibited favorable affinity
towards H,O,, further highlighting its potential as a peroxidase mimic. In addition to its peroxidase-like
activity, a simple and sensitive visual and colorimetric method was developed for the detection of ethanol
by combining FeTOMPP with alcohol oxidase. The method relied on the use of TMB as the substrate.
Ethanol-containing samples were subjected to the enzymatic reaction, resulting in the generation of a color
change. The detection of ethanol was achieved with a minimum detection limit of 0.95 % v/v, and the linear
range for quantification extended from 0 to 15 % v/v. This study demonstrates the potential application of
FeTOMPP as a peroxidase mimic for the sensitive detection of H,O» and the development of a colorimetric
method for ethanol detection. The findings highlight the versatility and promising capabilities of FeTOMPP
in various analytical and diagnostic applications.

Keywords: Porphyrin, Peroxidase, Colorimetric sensor, Hydrogen peroxide, Ethanol biosensor, Alcoholic
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Introduction

The practical application of natural enzymes as biocatalysts is often limited due to their lack of
stability and loss of activation in harsh chemical environments [1-4]. Consequently, there has been a
growing focus on the development of efficient enzyme mimetics to overcome these limitations. Peroxidase,
a natural enzyme involved in physiological metabolism, exhibits highly efficient activation of oxides and
peroxides, such as hydrogen peroxide (H.O») [5,6]. H2O, is not only a byproduct or intermediate in
numerous biochemical reactions associated with biological processes but also a vital substance in
pharmaceutical, biological, and environmental analyses [7]. However, the extraction of peroxidase poses
challenges due to cost, storage difficulties, and susceptibility to environmental factors that can lead to a
loss of activity [8,9]. Therefore, the synthesis and development of peroxidase mimics that can enhance their
activity hold significant importance. In recent years, extensive efforts have been made to develop enzyme
mimics, resulting in the emergence of various mimetics such as serine protease mimics [10] and cytochrome
P450 mimetics [11]. Among these, peroxidase mimetics based on compounds like porphyrin [12], hematin
[13,14], and hemin [15,16] have gained considerable attention for their potential in glucose and H»O,
detection [17]. However, the catalytic activity of these peroxidase mimics is still relatively inferior
compared to natural enzymes [10]. Therefore, there is a continued need to design synthetic systems that
can mimic natural enzymes while exhibiting high catalytic activity.

Porphyrins, as tetrapyrrole derivatives with their large conjugated electronic molecular structures, play
a significant role in various scientific disciplines, including physics, chemistry, medicine, and biology [18].
In particular, they are closely associated with heme and hematin, which are important components of
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peroxidase enzymes. These enzymes, such as the heme-containing enzyme HRP, as well as their mimetics,
contain Fe?" or Fe*" ions within their active sites [19-22]. The ferric porphyrin units found in horseradish
peroxidase (HRP) exemplify the presence of heme within peroxidase enzymes. It has been reported that
heme-related compounds, such as haptoglobin, hemin and hematin exert anti-oxidative effect that hydrogen
peroxide is one of the major oxidants [23]. Hui ef al. (2022) have been reported that hemin, a porphyrin
ring compound containing iron, had the peroxidase activity [24]. Therefore, porphyrins are interesting
compounds to be tested as peroxidase mimetics because of their structural analogy with those of natural
porphyrins.

In previous studies, researchers have explored the functionalization of porphyrins with materials like
NiO, Fe304, and Co304 [25-27]. These functionalized porphyrins have exhibited enhanced peroxidase
activity and have been capable of catalyzing reactions between dye substrates and H,O», leading to color
reactions that can be visually observed. This highlights the potential of porphyrin-based systems for
mimicking peroxidase activity and their ability to perform catalytic reactions in the presence of hydrogen
peroxide.

Alcohol monitoring demands highly sensitive, cost-effective, and selective detection systems. To
address this need, we have devised a novel approach for ethanol detection by combining the catalytic
reaction of ethanol with alcohol oxidase (AOX) and the peroxidase-like catalytic reaction of a porphyrin
mimetic. In this study, we extensively characterized the peroxidase-like catalytic properties of the porphyrin
mimetic and observed its strong affinity towards the substrate. Building upon these findings, we have
developed a colorimetric method for the quantitative analysis of both H,O; and ethanol. This method holds
great promise for its ability to accurately detect and measure ethanol levels while offering the advantages
of sensitivity, cost-effectiveness, and selectivity required for current and future alcohol monitoring
applications.

Materials and methods

Reagents

All chemicals used in this study were of analytical grade without further purification. Hydrogen
peroxide (H20,, 30 wt.%, acetic acid (HAc), sodium acetate (NaAc), ethanol, Succinic acid, ascorbic acid,
acetic acid, lactic acid, oxalic acid, sodium sulfite, 3,3°,5,5’-tetramethylbenzidine (TMB) and alcohol
oxidase were purchase from Sigma-Aldrich. Malic acid and tartalic acid were purchased from Supleco.
Citric acid was from Chemipan corporation (Thailand). FeTOMPP was from analytical chemistry
laboratory, Thammasart University (Thailand).

Instruments

The FT-IR (4,000 - 400 cm™!) spectra were recorded on Perkin Elmer infrared spectrophotometer
(spectrum GX). Mass spectra were obtained on Thermo Finnigan mass spectrometer (LCQ Advantage).
The elemental analysis was carried out on Perkin Elmer (2,400) elemental analyzer. UV-Vis absorption
was carried out on a UV Visible spectrophotometer Biochrom Libra S80 model. GC were analyzed on
Shimadzu GCMS-TQ series.

Preparation of iron(III) porphyrin (FeTOMPP)

The free base porphyrin 5,10,15,20-tetrakis(4-buthyloxyphenyl)porphyrin was prepared as previously
reported [28]. The Fe(Ill) porphyrin was synthesized with the corresponding free base, as previously
reported. The tetrakis(4-methoxyphenyl) phenylporphyrinatoiron(IlI) (FeETOMPP) was obtained as purple
crystal in 73 % yield. FTIR (KBr, cm™): 2,943, 1,581 (C-H stretch), 1,462, 1,350 (C=C stretch), 1,237 (C-
N stretch), 1,125 (C-O stretch), and 812 (C-H bend). Mass m/z (ESI) calculated for FeC50H4106N4:
775.58 measured: 782.4 (M+H).

Preparation of samples

Iron(IIT) porphyrin solutions was prepare by dissolving FeTOMPP in dimethylsulfoxide (DMSO) at
0.1 - 0.8 mg/mL. The stock solutions were then diluted with sodium acetate to obtain concentration of
DMSO at 1 % (v/v) and concentration of FeTOMPP 10 - 80 pg/mL.

UV-visible absorbance measurements

The peroxidase-like activity of FeTOMPP was measured by catalytic oxidation of peroxidase
substrate TMB in the presence of H,O». The experiments were carried out by using FeETOMPP in a reaction
volume of 2.0 mL with 500 uM TMB and 100 uM H,O, as substrates. The colorimetric analysis was
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prepared as follows: 200 pul of TMB (5 mM), 200 pl of FeTOMPP stock solution (50 pg/mL), and 200 pl
of H,O, (1 mM) were added into 1.4 mL of sodium acetate (NaAc) buffer (0.1 mM, pH 6). The reaction is
incubated at 30 °C for 10 min. The concentration of the oxidized TMB was quantified by UV-Vis absorption
spectroscopy at 652 nm by using a molar extinction coefficient of € = 3.9x104 M ! cm™! [25].

The optimum conditions (FeTOMPP amount, pH and temperature) were measured by using variation
amount of FeTOMPP (0 - 80 pg) (200 pl from stock solution) in 1.4 mL sodium acetate (NaAc) buffer (0.1
mM, pH 2 - 10) in the presence of H>O, (1 mM) as the substrates, TMB concentration was 500 uM and the
total reaction volume was 2 mL. The reaction was incubated at 25 - 50 °C for 10 min. The concentration of
the oxidized TMB is quantified by UV-Vis absorption spectroscopy at 652 nm.

The Michaelis-Menten constant was calculated by using Lineweaver-Burk plots of the double
reciprocal of the Michaelis-Menten equation:

1 Km 1
Lo (g 1)
v v km

where v is the initial velocity, vm represents the maximal reaction velocity, C corresponds to the
concentration of substrate, and K, is the Michaelis constant.

Detection of H202

The detection for H>O, was carried out as follows. 200 pl solution contained different amounts of
H,0, was added into a 0.1 mM NaAc buffer (pH 6.0) with 500 pM and FeTOMPP in a total volume of
2 mL. The resulted solution was incubated at 30 °C before UV-Vis measurements. The linear range and
detection limit were also quantified. The sensing colorimetric mechanism for H>O, was schematic
illustrated in Scheme 1.

H,0 oxTMB
Dark blue
FeTOMPP
o]
|
H,0, TMB
colorless

Scheme 1 Schematic illustration of oxidation color reaction of TMB in the presence of H,O, catalyzed by
porphyrin mimetic peroxidase.

Detection of ethanol

10 pl alcohol oxidase was added into a 0.1 M phosphate buffer solution (PBS, pH 7.0) containing
different amounts of ethanol and incubated at 37 °C for 20 min. After that, the above solution was added
into a 0.1 M NaAc buffer (pH 6.0) containing 500 uM TMB and FeTOMPP in a total volume of 2 mL. The
resulted solution was incubated at 30 °C before UV-Vis measurements and was used for standard curve.
The linear range and detection limit were also quantified.

Interference measurement

Succinic acid, ascorbic acid, acetic acid, lactic acid, malic acid, oxalic acid, citric acid, tartaric acid,
and sodium sulfite were checked as potential interferences with the color change of the system response.
The interferences sample were dilute 1:10 in phosphate buffer 0.1 M pH 7. The reaction solution was added
with percent ratio 2:1 interference (2 % v/v): ethanol (1 % v/v) in the total volume of 2 mL. The resulted
solution was quantified by UV-measurement.

Real sample measurement

Samples of local and market alcoholic beverages were bought. 100 pl of sample was added into a
mixture of AOX and 0.1 M PBS (pH 7.0) and incubated at 37 °C for 20 min. After that, the solution was
added into a mixture of 0.1 mM NaAc buffer (pH 6.0), 500 uM TMB and FeTOMPP in a total volume of
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2 mL. The resulted solution was quantified by UV-Vis measurement and compare to the standard curve to
indicate the ethanol concentration.

Gas chromatographic measurement [29]

For comparison purposes, local and market alcoholic beverages samples were also analyzed by gas
chromatography with Shumadzu GCMS-TQ chromatograph composed of an injector and flame ionization
detector (FID). Automated injection with DB-1 column, 0.25 nm I.D. X30 m length x3 um film thickness.
The alcoholic beverages are analyzed using internal standard method. A calibration plot for ethanol in
concentrations ranging between 1.0 and 10 % (v/v) was constructed using 5 % of isopropanol as internal
standard. The samples are previously diluted to obtain an adequate ethanol concentration.

Results and discussion

Synthesis and characterization of iron(III) porphyrin

Free base porphyrin (TOMPP) was synthesized according to Alder’s method [30]. The Fe(III)
porphyrin was formed by the reaction of iron acetate with TOMPP in the presence of sodium acetate in
acetic acid (Scheme 2). After separation using SGCC and 5:1 (v/v) DCM:MeOH, the Fe(IIl) porphyrin was
obtained in 73 % yield.

DMF, CH:Cly
R + Fe(CH:;(CO0);) mmmm—m—m—p *
Reflux 5 hr

Scheme 2 Preparation of Iron(IIl) porphyrin.

The peroxidase-like activity of FeTOMPP

Porphyrins, including heme, are natural compounds known for their various biological activities.
Among them, heme stands out as one of the most abundant porphyrins. It has been observed that heme-
related compounds, such as haptoglobin, hemin, and hematin, exhibit antioxidative effects against hydrogen
peroxide, which is a major oxidant [23]. In a study conducted by Hui et al. (2022), it was reported that
hemin, a porphyrin ring compound containing iron, displayed peroxidase activity [24]. These findings
highlight the potential of porphyrins as peroxidase mimetics due to their structural similarity to natural
porphyrins.

To assess the peroxidase-like activity of FETOMPP, a reaction mixture was prepared by adding 50
pg/mL of FeTOMPP stock solution in sodium citrate (NaAc) buffer (0.1 mM, pH 6). The substrates used
in the reaction were 500 M of TMB and varying amounts of H,O» (50-200 pM). The total reaction volume
was 2 mL, and the mixture was incubated for 10 min. The peroxidase-like activity of FeTOMPP was
evaluated based on the oxidation of TMB in the presence of H,O,. TMB, which is initially colorless,
undergoes oxidation in the presence of peroxidase or compounds with peroxidase-like activity, resulting in
the formation of the blue oxidized form of TMB (oxTMB) (Figure 1). The formation of oxTMB was
confirmed using UV-Vis absorption spectroscopy [31]. The resulting blue solution exhibited characteristic
absorption peaks at 375 and 652 nm, corresponding to the absorption peaks of oxTMB [32-34]. These
absorption peaks served as indicators of the peroxidase or peroxidase-like activity of the tested compounds.
The obtained results, shown in Figure 1, revealed that FeTOMPP catalyzed the oxidation of TMB, leading
to the generation of a blue color. This observation demonstrated that FeTOMPP exhibited peroxidase-like
activity towards a typical peroxidase substrate. FeTOMPP was Fe(III) porphyrin complex similar to hemin
which is protoporphyrin IX containing a ferric iron. Thus, FETOMPP would have the peroxidase activity
and selected for further study.
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Figure 1 peroxidase-like activity of FeETOMPP with different concentration of H»O».

The determination of the optimal amount, pH, and temperature of FeTOMPP was based on the highest
absorbance observed in the reaction, as depicted in Figure 2. The optimal conditions were found to be 35
pg/mL FeTOMPP, pH 6, and a temperature of 30 °C. Therefore, pH 6 and 30 °C were selected as the
standard conditions for the subsequent analysis of FeTOMPP's catalytic activity. Furthermore, it was
observed that the catalytic activity of FeTOMPP was significantly higher under weakly acidic conditions
compared to neutral conditions. This finding suggests that the oxidation reaction of TMB readily occurred
under weakly acidic conditions, similar to other synthetic porphyrins [26, 35, 36], and the natural enzyme
HRP [37].
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Figure 2 Effect of (a) amount of FeETOMPP, (b) pH, and (c) temperature on the absorbance of oxTMB at
652 nm.

Detection of H202

The feasibility of utilizing FeTOMPP for the determination of H,O; in the presence of TMB was
investigated based on the UV-Vis absorbance at 652 nm. The results, depicted in Figure 2, revealed a linear
increase in UV-Vis absorbance as the concentration of H,O> increased from 1.0 to 1.0 mM, accompanied
by a gradual color change to blue. The Figure 3(b) presents the calibration curve for H>O», covering a
concentration range of 1 to 100 pM. The color variations observed in the oxidation of TMB catalyzed by
FeTOMPP were found to be dependent on the concentration of H>O,. The absorbance at 652 nm (Y)
displayed a linear correlation with the concentration of H>O; (X) in uM, as depicted by the calibration
curve. The equation describing this relationship was determined to be Y = 0.0013 + 0.0022X, with a high
linear correlation coefficient (R) of 0.997. The detection limit of the assay was determined to be 2.4 pM.
Notably, this detection limit surpassed that of many other H>O, sensors reported in the literature [34,38,39].
Furthermore, the linear range achieved by the FeTOMPP-based system was wider compared to previous
studies [40-44]. These changes in color were also discernible to the naked eye, allowing for convenient
visual detection of H,O» concentration levels.
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Figure 3 a Linear calibration plot of oxTMB in the presence of FETOMPP and different concentration of

H,05 ranging from 1.0 uM to 1.0 mM. and b The calibration curve for H,O,, covering a concentration range
of 1 to 100 uM.

Steady-state Kinetic assays

To analyze the catalytic mechanism and acquire kinetic parameters, the catalytic activity of FeTOMPP
was studied the enzyme kinetics theory and methods with H,O, and TMB as substrates (Figure 4). A series
of experiments were performed by changing the concentration of 1 substate and keeping the concentration
of the other constant. The maximum initial velocity (Vm) and Michaelis-Menten constant (K) were
calculated from Lineweaver-Burk plots and are list in Table 1.
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Figure 4 Steady-state kinetic assays of the Fe TOMPP. A The concentration of HO, was 400 uM and TMB
concentration was varied. and b The concentration of TMB was 500 uM and H,O, was varied.

Table 1 Comparison of the apparent Michaelis-Menten constant (Kn) and maximun reaction rate (V).

Vm(103Ms™) Km(mM)
Catalyst
TMB H20: TMB H:0:
FeTOMPP 0.278 8.54 3.74 2.15
HRP 0.434 3.70 13.08 5.31

The Michaelis constant (Km) is widely used as a measure of enzyme-substrate affinity, with a smaller
Km value indicating a stronger binding between the enzyme and substrate. In our study, we investigated
the Km values of FeTOMPP for H,O, and TMB, and compared them with those of HRP, as shown in Table
3 [37]. The results revealed that FeETOMPP exhibited a smaller Km value (2.15 mM) for H,0O,, indicating
a higher affinity for H,O, compared to HRP. On the other hand, FeTOMPP showed a larger Km value
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(3.74) for TMB, suggesting a weaker affinity between FeTOMPP and TMB compared to HRP. This
difference in Km values further supports the notion that FeTOMPP possesses good catalytic activity
towards H,O, when compared to HRP. Additionally, we evaluated the maximum velocity (Vm) of
FeTOMPP for both H,O, and TMB, and found that it was larger than that of HRP, as shown in Table 1.
This indicates that FeTOMPP exhibits an enhanced catalytic activity for both H,O, and TMB. Overall, our
findings demonstrate the favorable enzymatic properties of FeTOMPP, particularly its strong affinity for
H,0, and improved catalytic activity compared to HRP.

Stability test of the system

The tested system was prepared as stock solution that contained dissolved FeTOMPP, 0.1 mM NaAc
buffer (pH 6.0) and 500 uM TMB and kept at room temperature without contact with light. The pH of the
solution was measured every day and before tested. To test the stability of the system, TMB-H,O, were
measured by using the stock solution stored for different days (0 - 15 days) as catalyst and the concentration
of H,O, was 100 uM. The concentration of the oxidized TMB was quantified by UV-Vis absorption
spectroscopy at 652 nm. The results showed that the absorbance at 652 nm almost did not vary (less than 5
%) as shown in Figure 5. The pH of the stock solution was measured and found that from day 1 to 15 the
pH of the solution almost did not change as shown in Figure 5.

0.9
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Figure 5 The absorbance at 652 nm of FeTOMPP-TMB-H,0 stored for different days as catalyst (the
concentration of HyO; is 1 mM).

Detection of ethanol

As H,0: is the main product of alcohol oxidase (AOX)-catalyzed reaction. When combined with the
alcohol catalytic reaction by alcohol oxidase (AOX), a colorimetric method for ethanol detection can be
realized by utilizing the same chromogenic substrate TMB and TMB-H»O, catalyzed color reaction.
Therefore, the enzymatic reaction could be monitored optically by the reduction of TMB from its colorless
color to dark blue color as shown in Scheme 3.

Ethanol \ ’ 0, H,0 oxTMB
Dark blue
AOX
Aldehyde ' ' H,0, TMB [
colorless '

Scheme 3 Illustration detection mechanism for H,O, and ethanol sensing using FeTOMPP and AOx.

In our previous experiment, we demonstrated that FeTOMPP could be utilized to quantify the
concentration of H>O; in the presence of TMB. Building upon this, we explored the catalytic reaction of
ethanol with alcohol oxidase (AOX) in the presence of FeTOMPP and TMB. To initiate the reaction, 10 pl
of AOX was added to 0.1 M phosphate buffer solutions (PBS, pH 7.0) containing varying concentrations
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of ethanol. The mixture was then incubated at 30 °C for 20 min. Subsequently, the solution was combined
with a 0.1 mM NaAc buffer (pH 6.0) containing 500 uM TMB and a stock solution of FeTOMPP, resulting
in a total volume of 2 mL. The resulting solution was incubated at 30 °C prior to UV-Vis measurements.
As depicted in Figure 6, the absorbance at 652 nm exhibited a linear increase within a specific range of
ethanol concentration. This linear relationship between the absorbance and ethanol concentration was
observed in the range of 0 - 15 % v/v, with a detection limit of 0.80 % v/v. These results highlight the
potential of this method for accurate and sensitive detection of ethanol concentration using FeTOMPP in
conjunction with TMB.
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Figure 6 linear calibration plot of oxXTMB in the presence of FeTOMPP and different concentration of
alcohol ranging from 0 - 15 %.

Interferences measurement

During the fermentation of some traditional alcoholic beverages, some organic acids were present.
Luangkhlapho et al. (2013), report that citric acid, succinic acid, lactic acid, acetic acid, and glycerol were
detected by HPLC in the Sato product using different source of Loogpang [45]. Tartaric acid, malic acid,
citric acid, succinic acid, lactic acid and acetic acid were organic acid commonly found in Wine product
[46]. Tartaric acid and Malic acid commonly found in many fruits including apples and grapes. [47,48].
Citric acid is an intermediate of the TCA cycle and is widespread in nature, while succinic acid, lactic acid
and acetic acid were organic acid derived from fermentation [46]. Succinic acid, ascorbic acid, acetic acid,
lactic acid, malic acid, oxalic acid, citric acid, tartaric acid, and sodium sulfite were checked as potential
interferences with the color change of the system response. The results obtained were present in Table 2.

Table 2 Interference of some compounds; % ratio 2:1 interference (2 % v/v); ethanol (1 % v/v), on the
response to ethanol of biosensors.

Compound Response of the biosensor
Succinic acid 97.5+0.408
Ascorbic acid 99 + 0.624

Acetic acid 98.5+0.408

Lactic acid 99 +0.408

Malic acid 97 £0.816

Oxalic acid 99 + 0.624

Citric acid 96 +0.624

Tartaric acid 96.5 +0.408

Sodium sulphite 98.5 + 0.408

In addition to ethanol, organic acids are commonly found in beverage samples and can potentially
interfere with the analysis. It has been reported that the chemical reaction between organic acids and oxygen
can lead to a decrease in the current of amperometric biosensors [49]. To investigate the potential
interference of organic acids on ethanol biosensors, Wen et al. [S0] conducted a study where they examined
the decrease in oxygen levels and calculated it as an equivalent ethanol concentration. The results of their
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study indicated that the presence of organic acids had negligible or minimal interference on the ethanol
biosensor based on bacteria.

In our own experiments (Table 3), we evaluated the interference of organic acids and sodium sulphite
on the sensor response to ethanol. We observed a slight decrease in the sensor response in the presence of
these interferents, but the interference was found to be minimal, with values below 5 %. The reduced sensor
response can be attributed to the oxidation of the interferents, which affects the activity of alcohol oxidase
(AOX). These findings further support the suitability of our approach using FeETOMPP and TMB for the
accurate detection of ethanol concentration, as the interference from organic acids is minimal and does not
significantly impact the sensor response.

Ethanol analysis in fermented beverage samples

The determination of ethanol in alcoholic beverages were carried out. Some different alcoholic
beverages were purchase from the market and analyzed the ethanol value using the developed biosensor.
The pretreatment of these samples only requires a dilution step. Each sample was diluted with phosphate
buffer 0.1 M pH 7 to a concentration within the working range of the biosensor. This procedure can also
reduce the interference effect. The ethanol content of all types of fermented beverage samples was measured
and summarized results are given in Table 3. The biosensor accuracy was assessed by comparison with the
results given by the beverage producers and others with the gas chromatography method.

From the results the ethanol value in different alcoholic beverage analyzed by GC and the sensor were
not much vary (less than 5 %). Then this sensor could be reliable and could be used to analyze ethanol in
fermented beverage samples.

Table 3 Determination of ethanol in the fermented beverage samples with porphyrin biosensor and by
applying GC. Data are given as average £ SD (n = 3).

Ethanol (%v/v)
Beverage samples Value declared by the GC Biosensor
producer
Beer 1 6.4 6.35+0.012 6.10+£0.2
Beer 2 5.5 5.50+0.012 535+0.1
Beer 3 5.0 5.10+0.06 4.95+0.08
Beer 4 5.0 5.17+0.08 4.95 +0.08
Sato 1 - 11.0+0.06 10.50 £ 0.2
Sato 2 - 7.10+0.012 6.8+£0.1
Sato 3 6.5 6.4 +£0.08 6.3 £0.05
Krachae - 9.0 +0.06 8.8+£0.15
Soju 1 13 12.8 £0.012 122+0.2
Soju 2 14 14 +0.08 13.5+0.5
Wine 1 5 4.9+0.012 4.65 +£0.08
Wine 2 5 4.65 +0.08 45=+0.1
Wine 3 11.5 11.5+0.06 11+£0.2
Liquor 1 40 41.56 +0.012 40=+0.5
Liquor 2 40 39.23 +0.08 39+£0.15
Conclusions

The peroxidase-like property of FeTOMPP was investigated and showed a higher affinity to H,O»
than the natural enzyme HRP. On this basis, a simple and visual colorimetric method to detect H,O, and
ethanol was developed successfully. The result exhibited a reasonable linear range and detection limit with
high sensitivity, stability and selectivity. Furthermore, this method was applied to detect ethanol in
alcoholic beverage and showed good ability, so it was promising in alcohol measurement.
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