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Abstract

The aim of this paper is to introduce an innovative method for measuring the concentration of ethanol in alcoholic beverages. The
novel approach consists in using MIR spectroscopic data for ethanol content quantification. To quantify ethanol a rapid Fourier trans-
formed infrared (FT-IR) attenuated total reflectance (ATR) spectroscopic is used. 54 samples are prepared for developing a suitable
calibration model. Spectra are recorded for all samples in wavelength region 4000-600 cm™ using a vector 22 Bruker FTIR Spectro-
photometer in ATR mode. Calibration equation is obtained using partial least squares (PLS) method. Correlation coefficient and root
mean square error values for ethanol are R?cal: 0.99, R? val: 0.99 and RMSEC: 0.17, RMSECV: 1.35 Spectral measurement is done for
14 samples and their ethanol concentration is predicted using the developed calibration model. The reliability and repeatability of

developed method may be appreciated by the agreement between ATR-PLS predicted results to those of actual values.
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Introduction

Alcoholic beverages are popular in many countries and often consumed. Due to its effects on the human organism the popularity is
linked to the content of ethanol [1]. An alcoholic beverage is a complex mixture of components presenting volatile compounds, respon-
sible for aroma and flavor, and fixed compounds, consisting of a large variety of substances with different characteristics [2]. Some of
the most important parameters used for the characterization and differentiation of several types of beverages are alcoholic content, ash

content, dry extract, pH, fixed acidity, volatile acidity, etc.

The main components of most alcoholic beverages are ethanol and water [3]. Percentage by volume (% vol) is used to indicate the
ethanol content of beverages, which is also called the French or Gay-Lussac system. Alcohol content differs according to the main bever-
age type and may also vary by country. Commonly, 4-5% vol are contained in beer, about 12% vol in wine and about 40% vol in distilled

spirits [4].
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Currently, ethanol determination in alcoholic beverages can be performed in several ways: boiling point depression of the ethanol
solution relative to water [5], dens metric analysis [6], refractive index method [5,6], oxidation of the distillate [7], dichromate oxidation
spectrophotometry [8], enzymatic method [9,10], biosensor[11], potentiometry [12], gas chromatography(GC) [13] and high perfor-
mance liquid chromatography (HPLC[14]. Most of this analyses used for characterization of ethanol content in beverages alcoholic are
time-consuming, expensive and involve a considerable amount of manual work. Very often, complex chemical treatment of the sample
and the use of sophisticated instruments are required [15]. Recently, Fourier transform infrared (FT-IR) spectroscopy has become an

emerging well-accepted analytical technique, due to its simplicity with advantages in terms of cost per sample [16].

It achieves high analysis speed and requires little or no sample preparation. FT-IR spectroscopy has been widely used as an analytical
tool in many laboratories and industrial sectors such as food agricultural [17], petrochemical [18], textile [19] and pharmaceutical [20].
FT-IR data have been often combined with chemo metric techniques to develop methods of classification and characterization. This ap-
proach has been found to be very useful in many applications, due to the ability of these methods in achieving the spectral resolution of
the FTIR signals. Up to now, a lot of studies have been published on the utilization of near and mid FT-IR for authentication, identification

or classification of many agro-foods, by multivariate statistical analysis of spectral data [21].

Ideally, an analytical method used to verify the quality and authenticity of alcoholic beverages should to perform an analysis without
sample pre-treatment. In addition, it should to accomplish a fast data acquisition and carry out the data treatment accurately with rela-

tively low costs. The combination of chemo metric methods with MIR spectroscopy is a good way to reach these premises.

The objective of this study is to develop, by FT-MIR spectroscopy coupled to chemo metric treatment, a direct and rapid test method

that quantified ethanol content in the real beverages alcoholic.

Materials and Methods
Sampling

Highly Pure ethanol 99,9% and distilled water were used for the set of mixtures. Fifty five mixtures were prepared in concentration
range 1% to 55% solution of ethanol in the distilled water. The concentrations of ethanol in the majority of spirits are in the prepared
range of concentration of ethanol in distilled water. Mixtures were prepared in glass vials and analyzed both directly by FT-IR. Advantage

of vials consists in preventing evaporation of the ethanol, which is relatively fast.

FT-IR analysis

FTIR spectra are obtained using a Vector 22 Bruker FTIR Spectrophotometer equipped with an attenuated total reflectance acces-
sory (ATR single-reflexion, Diamond, incident angle 45°), DTGS detector, Globar (MIR) source and KBr Germanium separator, with a
resolution of 4 cm™ at 98 scans. Spectra are scanned in the absorbance mode from 4000 to 600 cm™ and the data are handled with OPUS

logiciel. Analyses are carried out at room temperature. The background is collected before each sample was measured.

Partial least square regression (PLS)

PLS is a supervised analysis which is based on the relation between the signal intensity and the characteristics of the sample [22].
Interference and overlapping of the spectral information may be overcome by using powerful multicomponent analysis such as PLS re-
gression. La PLS [23] allows a sophisticated statistical approach using spectral region rather than unique and isolated analytical bands.

The first step is to perform a calibration model.

This involves collecting a set of reference calibration samples, which should contain all chemical and physical variations to be ex-
pected in the unknown samples, which will be predicted later. The model was built by full cross-validation methods during the calibra-
tion development. The optimal number of PLS Latentes variables (LVs) were found according to the full cross-validation procedure. The
second step is to test the model using a prediction set (different to the calibration one), i.e. to compare the values obtained by the model

to the values obtained by the reference method. The evaluation of the errors in the calibration is estimated by computing the standard
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error of calibration (SEC) after comparing the real concentration with the computed one for each component. The formula for the stan-

dard error of calibration is:

N

SEC = (N (e =)’
R :—1N_1_P

~

Where Ci is the known value, Ci is the calculated value, N the number of samples and p is the number of independent variables in
the regression optimized by cross validation. The standard error of prediction (SEP) gives an estimation of the prediction performance

during the step of validation of the calibration equation
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Where Ci is the known value, Ci is the value calculated by the calibration equation, and M is the number of samples in the prediction
set. Another useful parameter is the relative error of prediction (REP %) that shows the predictive ability of the model. This is calculated

from the equation

(P = F

Quality assessment of the obtained results is discussed by comparison of predicted values versus measured values, both for calibra-
tion and for validation data sets. All chemo metrics calculations were performed using the Unscramble x software version 10.2 from

CAMO (Computer Aided Modeling, Trondheim, Norway) was used for chemo metric treatments of FTIR-ATR data spectra.

The predictive ability of the model should also be expressed by the bias and the square of correlation coefficient (R2) also called de-
termination coefficient, usually called Q? in prediction. The regression coefficients are the numerical coefficients which express the link

between the predictor variations and the response variations. The bias is systematic difference between predicted and measured values.

The bias is computed as average value of the residuals. The residual is the measure of the variation which is not taken into account
by the model. The residual for a given sample and a given variable is computed as the difference between observed value and fitted (pro-

jected or predicted) value of the variable on the sample.

Results and Discussion

Spectra of ethanol

In the region 4000-600 cm™, ethanol has an absorbance at 3005-2960, 1200-950 and 900-850 cm™. The absorption is due to C-H
stretching, C-0 stretching and O-H bending vibration, respectively. Each of them differs by sensitivity and interference effect. However,
the spectra at 1200-950 and 900-850 cm™* were the most sensitive and exclusive absorbance region for ethanol, respectively. Thus, the
range 1200-850 cm™ was selected as a spectral region, because it satisfied both. Therefore, for quantifying ethanol using PLS at optimal

spectral region, ethanol spectra in the presence of sugars were developed (Figure 1).
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Figure 1: The absorbance spectra of ethanol in MIR spectral region (3050-600 cm™).

PLS modeling

The PLS model is built by considering the two frequency intervals 3005-2960 cm™ and 1200-850 cm™ as X variables and the Y
variables is associated to the content of ethanol. The PLSR models are evaluated using coefficient of determination (R?) in calibration,
root-mean-square error of calibration (RMSEC) and cross validation (RMSECV). The performance of the PLSR models on the indepen-

dent validation set is assessed using R? and RMSEP and the residual prediction deviation (RPD).

Here, the criteria of classifying RPD values [24] is adopted as follows: an RPD value below 1.5 indicates that the calibration is not us-
able; an RPD value between 1.5 and 2.0 indicates the possibility of differentiating between high and low values; an RPD value between
2.0 and 2.5 makes possible approximate quantitative predictions. For RPD value between 2.5 and 3.0 and beyond 3.0, the prediction is
classified as good and excellent, respectively. Generally, a good model should have high values of R2 and RPD, and low values of RMSEC,
RMSECV and RMSEP.
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Figure 2: Plot of the predicted and measured values for total samples of Calibration.

The resulting model seems to be able to determine the ethanol content for 40 samples of calibration. As it can be seen from Figure
2. The PLS model is validated by full cross validation. The obtained statistical parameters RMSEC, RMSECV and R? are summarized in
figure 2. The coefficient of determination (R?) of 0.99, RMSEC of 0.17 and RMSECYV of 1.35, could be considered satisfactory. Seven VLs

are necessary to have a good PLS performance.

Determination of ethanol content in the new samples

The validity of the resulting preliminary and the developed calibration model based using the set of 40 samples, were tested using
a validation set of the unknown ethanol content samples (table 2). The prediction equation obtained from the final calibration model
(n = 40; Figure 2) was applied to the validation set in order to calculate the statistical parameters related to the estimation of ethanol

content in unknown beverages alcoholic samples. The obtained results are given in tables 1 and 2.
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LVs

Rp?

RMSEP

Bias

RPD

REP %

validation

7

0.994

0.982

0.2

12.9

1.3

Table 1: statistical parameters carried out by external validation on PLS.

Samples Predicted ethanol Reference ethanol
content content
04 417 4.08
06 5.96 6.00
09 8.90 891
12 12.49 12.14
15 15.28 14.87
20 19.21 19.84
24 23.63 24.00
26 25.39 25.86
31 31.17 31.00
33 33.10 32.92
38 38.13 37.97
40 34.88 35.53
43 42.80 42.69
46 44.87 44.37

343

Table 2: Prediction of arbequine EVOO percentage.

Table 2 shows clearly that the FTIR-PLS method is an effective method for the determination of ethanol content in beverages alco-
holic. The results indicate that there is no significant difference between the reference values and the proposed one. Therefore, the PLS

model for the FT-IR data treatment appears to be an appropriate approach to predict the ethanol content in beverages alcoholic.

Conclusion

PLS-R calibration models developed in 1 and 55% concentration calibration range w/w, gave less than 2 % relative error for exter-
nal validation samples. Therefore, we can conclude that the FT-IR spectra of alcoholic beverages can be properly modeled by PLSR using
first the derivation of the absorbance spectra for the baseline removal using the Savitzoky-Golay method, with a first order polynomial
and 20 smoothing points as initial data pretreatments. This study had also underlined that the spectral regions 3005-2960 cm-1 and

1200-850 cm* were useful for good predictions of ethanol content.

FT-IR spectroscopy coupled to chemo metrics techniques is reported as an adequate method for the determination of ethanol con-
tent in alcoholic beverages, without any previous sample pretreatment and any destructive sampling manipulation. Therefore, the pro-
posed spectroscopic method provides a convenient alternative in terms of time and solvent saving for routine analysis of large number

of alcoholic beverages samples. This approach can be considered fast, clean and affordable methodology.
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