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Ethanol content determination in hard liquor drinks, beers,
and wines, using a catalytic fuel cell. Comparison with other
two conventional enzymatic biosensors: correlation and
statistical data
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ABSTRACT

A catalytic fuel cell has been employed to check ethanol content in several samples of commercial wines, beers and hard liquor drinks.
Two other conventional biosensors, based on catalase or alcohol oxidase enzyme, were also used to the same purpose on the same
samples. Data obtained by the three sensor methods have been compared and correlated. Lastly t-test and F-test were applied.
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1. INTRODUCTION percentages of ethanol were added to the cell, recording the

Our team recently investigated the feasibility of using an current increase that occurs between two electrodes of the cell,

adapted small catalytic ‘fuel cell’ (see Figute 1), originally
constructed for the purpose of obtaining energy from methanol

or ethanol, fo.r analytical purposes [1], [2], based on Fhe Ethanol . : ] ant?c:iisition
following reaction: C;HsOH + 3H,O —> 12H* + 12 ¢ + ‘i

2COz. The goal was to see whether this kind of device can also o @ f

be used for ethanol determination in real samples. Actually, 101 ] | |

there is no lack of analytical methods for the determination of o+ . :‘E;> <3 Air (07)
ethanol in alcoholic beverages, such as chromatographic [3]-[5], cHeroH| A | ¢ | a <=0
colotimetric [6], [7], NIR [8], [9], IR [10] and titrimetric [11] =13 b |t o' e > HO
methods. However, the possibility of using Direct Methanol (or <=co: | 9| | : ’

ethanol) Catalytic Fuel Cell (DMFC) for analytical purposes has € n | d

not been sufficiently investigated, so this aspect has been e s

studied by our research group in recent times [1], [2]. ﬁ G
PtRu catalyston Pt catalyst on

2. METHODS carbon support carbon support

To this end water-alcohol solutions containing increasing Figure 1. DMFC device functioning layout.
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working under potentiostatic control. Lastly, once the current
achieved the steady state, after each hydroalcoholic addition,
calibration curves for ethanol were obtained.

Owing to the good analytical results obtained operating on
standard ethanol solutions, the fuel cell was then used to check
the ethanol content in several wine, beer and hard liquor
commercial drink samples.

Results obtained analyzing red and white wines or beers are
also compared with those obtained using two conventional
different enzyme electrodes that have been fabricated by
immobilizing either alcohol oxidase, or catalase, in kappa-
Carrageenan gel layer overlapped to an amperometric gaseous
diffusion Clark type oxygen electrode. The wvariation of the
oxygen concentration in the aqueous solution, due to the
enzymatic reactions, was measured at a constant applied
potential of =650 mV. In the case of the catalase electrode [12],
[13], the measurement was performed by adding hydrogen
peroxide to a buffer solution which was diffused through the
dialysis membrane towards the enzymatic layer where the
reaction catalysed by the catalase enzyme took place:

Catalase

H,O, —> 1/2 O, + H,O. Since this reaction led to the
production of oxygen, the concentration of the latter in the
measurement solution increased. This increase triggered an
increase in the cathodic current, which increased from the
original value to a new value corresponding to a new stationary
state. At this stage, further additions (equal to 20 uL) of a
standard solution of ethanol were made; after each addition a
catalyzed reaction of the following type occurred:

Catalase

CH%CHQOH + H,O, —— CH;CHO + 2 H,O0. The
second reaction removed part of the H2O3 substrate from the
first reaction, which was slowed down; this slowdown was
accompanied by a decrease in the level of oxygen produced in
the solution during the first reaction; that was evidenced by the
decrease in the measured cathodic current which attained a new
stationary state after each addition of alcohol solution. The
current variation was read off after each alcohol addition [12],
[13]. When the biosensor used alcohol oxidase, the operating
procedure was much simpler [12] as it consisted of directly
making successive additions of the standard ethanol solution to
a buffer solution in which the measurement was being
performed. After each addition a reaction catalyzed by the
alcohol oxidase enzyme of the following type took place:

Alcohol oxidase

CH;CH,OH +0O, CH;CHO +H5,05,. The reaction
led to the oxygen present in the solution being consumed with
a consequent decrease in the cathodic current, which was
measured until a new stationary state was reached. Also, in this
case, the current variation was read off after each addition. All
the experiments were carried out in a reaction cell thermostated
at 23°C containing 15 mL of 0.05 mol L phosphate buffer
solution.

3. RESULTS

The effect of pH on the response of the conventional
biosensors, investigated in detail, showed that the best pH was
7.5 for the catalase electrode and 8.0 for the alcohol oxidase
electrode, respectively. The catalase biosensor displayed a much
greater sensitivity to ethanol than, for instance, methanol,
unlike the alcohol oxidase biosensor. The catalase biosensor
also displayed a stability and a life-time higher than that of the
alcohol oxidase biosensor, as well as a Limit of Detection
(LOD) at least one decade lower. It also displayed a better

repeatability and reproducibility for ethanol standard solutions.
On the other hand, the alcohol oxidase biosensor was found to
be more sensitive to methanol than to ethanol, but allowed the
test to be carried out slightly faster than with the catalase
device. The method based on the catalytic fuel cell is very
simple, inexpensive, and its lifetime is also very long, in practice
longer than three months. The only drawback of the catalytic
fuel cell was its long response time, but its lifetime was very
long if compared to those of the two conventional enzyme
electrodes.

A comparison of the main analytical results [1] for the three
used devices is done in the Table 1, for the convenience of the
reader.

A comparison between the results obtained applying the
catalytic fuel cell and two conventional amperometric enzymatic
sensors was also performed by studying the correlation of
results obtained by applying the three methods for ethanol
content determination in several commercial wines and beers
(see Figures 2-4).

Table 1. Tablel. Main analytical results.

Method Linearity LOD(M) Life time | Analysis
range(M) (days) time
(min)
Catalase 2.0x10° - | 0.4x10° | =30 =34
biosensor 2.0x10”°
Alcohol oxidase | 9.2x10° - | 3.6x10° | =7 =25
biosensor 3.4x10™
Fuel Cell (sC) | 1.0x10° - | 8.0x10* | >90 =55
potentiostatic 4.0x10”
format at OAP
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Figure 2. Correlation between results found by Fuel cell and Catalase
biosensor.
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Figure 3. Correlation between results found by Fuel cell and Alcohol oxidase
biosensor.
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Figure 4. Correlation between results found by Catalase biosensor and
Alcohol oxidase biosensor.

It can be observed that the alcoholic content of the beer
samples is about three times lower than that of wine samples.
However, the correlations found between fuel sensor data and
the data obtained using the two biosensor methods are
sufficiently good and better than those observed between the
two enzyme biosensor methods. In addition, the correlation of
data from each method and the nominal values given by
beverages producer firms (Figures 5, 6 and 7) was also
evaluated and found satisfactory.

Also in this case the best correlation was found when the
fuel cell was used. Lastly, also t-test was applied (Table 2).

Moreover, a statistical evaluation of variance by F-test was
performed. See Table 3.
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Figure 5. Correlation between nominal values and results found by Fuel cell.
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Figure 6. Correlation between nominal values and results found by Catalase
biosensor.
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Figure 7. Correlation between nominal values and results found by Alcohol
oxidase biosensor.

Table 2. Paired t-test, two sided, v=5, (p=95%) applied to values obtained by
three methods for beers and wines samples vs nominal values.

By Catalase By Alcohol By Fuel cell
biosensor oxidase
biosensor
t-experimental
-0.8881 | 1421 | 08476
t-critical
2.571 2.571 2.571
|t-exp.| < t-cr. |t-exp.| < t-cr. |t-exp.| < t-cr.
Results of t-test
Not significant | Not significant | Not significant

Table3. F-test: comparison among precisions, two sided (p=95%).

Result of the F-test
samples Alcohol oxidase Fuel cell vs. Fuel cell vs.
Alcohol
vs. Catalase Catalase .
. . oxidase
biosensor biosensor )
biosensor
B.n.1 N.S. S. S.
B.n.2 N.S. N.S. N.S.
B.n.3 N.S. S. S.
W.n.1 N.S. N.S. N.S.
W.n.2 N.S. N.S. N.S.
W.n.3 N.S. N.S. N.S.
W.n.4 N.S. N.S. N.S.

N.S.= Not Significant; S.= Significant; B.= beer; W.= wine

As reported in Figure 8, the comparison between the results

Ethanol (g/L) reported by
manufacturer

o Ethanol (g/L) found By
Fuel cell

Figure 8. Agreement between nominal values and results found by Fuel cell
for the hard liquor drinks.
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concerning the ethanol content, determined in several hard
liquor drinks using the catalytic fuel cell, and the nominal values
given by producers exhibits a good agreement.

Lastly, in Table 4 all the found results concerning the
ethanol content in hard liquor drinks and the applied t-test are
displayed.

4. CONCLUSIONS

As previously mentioned in the introduction, there is no lack
of classic analytical methods, including biosensoristic methods
(see for instance Ref. [14]), for ethanol determination in
alcoholic beverages. However, the main objective of this
research was to test a method based on a DMFC device, used
so far especially for energy production purposes and to propose
this alternative device also for analytical purposes. The
advantages can be identified above all in the extremely low cost
of this fuel cell based sensor, with respect to both other
analytical instrumental methods [3]-[10] and conventional
enzymatic biosensors for ethanol [10]-[16]. In comparison with
conventional biosensors, it is sufficient to pay attention to the
long lifetime of our proposed device, which does not require
special precautions to be wused for long periods. For
completeness of the research, the main performances of this
device were analytically compared with those of two
conventional enzyme biosensors, even if based on different
enzymatic reactions. As previously mentioned, this kind of
biosensors is already extensively reported in the literature [14]-
[16]. So those two, developed and used by us (based for
instance on a different type of enzyme, but on the same enzyme
immobilization method) and well tested in our previous works
(see Ref. [12] and [13]), showed on “average” a performance
not very different from other conventional enzymatic
biosensors of the same type. The results demonstrated a good
correlation between the three different methods as well as with
the nominal values. The F-test evidenced that the tepeatability
of the three methods is usually of the same order. The analysis
of the obtained data highlights that the catalytic fuel cell may be
considered a suitable analytical device to check ethanol content
in commercial beverages and hard liquor drinks at low cost and
in a simple way. The comparison with two other conventional
enzymatic biosensor methods confirms this assertion. It is also

interesting, for instance, to observe that the best correlation
between experimentally determined and nominal values (see R?)
was found only in the case of the catalytic fuel cell device.
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