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Abstract: The determination of alcohol, SO,, and total acids in wine through conventional laboratory
techniques have some limitations related to the amount of the samples, analytical preparation of
laboratory staff, and time to carry out the analysis. In recent years, spectroscopic and chromatographic
methods have been proposed to determinate simultaneously multiple analytical parameters. The new
methods claim the speed of analysis and easy execution. However, they need a validation process
that guarantees the reliability of the results to be used in official determinations. This study aimed
to evaluate the usefulness of FT-infrared reflectance (FI-IR) to quantify total acid, alcohol, and SO,
concentration in the wines. For this purpose, 156 DOC Italian wines were tested with IR technology,
and results were compared to those obtained by official analysis methods. The comparison was
performed using two non-parametric statistical methods: the Bland & Altman test and Passing &
Bablok regression. Our results showed that the spectrophotometric methods make errors due to
interfering contaminants in the sample that can be corrected by blank determination. Therefore, the
spectrophotometric methods that use the infrared region of the electromagnetic spectrum can be used
by the wine industry and regulators for the wine routine as an alternative to official methodologies.

Keywords: alcohol; SO, determination; total acids; wine; FI-IR; analytical method validation

1. Introduction

Ischia DOC Piedirosso (or Per’e Palummo) wine is one of the types of wine provided
by the Ischia DOC denomination, a DOC of the Campania region (Italy). DOC wines
are characterized by the vines used for their production, vinification procedures, and the
specific organoleptic characteristics of the wine. The vines included in the composition
of the Ischia DOC Piedirosso or Per’e Palummo wine are at least 85% Piedirosso [1]. The
organoleptic characteristics of Ischia DOC Piedirosso or Per’e Palummo include a ruby red
color. The olfactory profile of the Ischia DOC Piedirosso or Per’e Palummo wine is vinous,
characteristic, and pleasant, and on the palate, it is dry, medium-bodied, and tannic.

As with all wines, total acidity, alcoholic strength, and SO, concentration are indicators
of wine qualities [2]. Organic acid (malic, lactic, and tartaric acids), together with tannins,
ethanol, sugars (glucose and fructose), and glycerol, affects wine taste [3]. Acetic and
formic acids can alter the balance between acidity, volatile notes, and sweetness in the wine
aroma. Sulfur dioxide is used in winemaking as an antioxidant to prevent color changes
due to undesirable reactions [4,5], a disinfectant, and a preventer of microbial spoilage [6].
However, an excess of SO, increases unpleasant wine flavor and can cause allergy, asthma,
and damage to human organs and tissues [7]. Alcohol concentration is essential for the
stability, aging, and organoleptic assets of wine. Ethanol affects ‘microorganisms’ growth
during fermentation [8], determines the types and the concentrations of aromatic com-
pounds [9], defines the balance of the wine, and solves aromatic and coloring compounds.

Separations 2021, 8, 191. https:/ /doi.org/10.3390/separations8100191

https://www.mdpi.com/journal /separations


https://www.mdpi.com/journal/separations
https://www.mdpi.com
https://orcid.org/0000-0003-1418-1431
https://doi.org/10.3390/separations8100191
https://doi.org/10.3390/separations8100191
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/separations8100191
https://www.mdpi.com/journal/separations
https://www.mdpi.com/article/10.3390/separations8100191?type=check_update&version=3

Separations 2021, 8, 191

20f16

High alcohol content covers some volatile aromatic compounds, enhances the perception
of hotness and bitterness while decreasing the astringency of tannins [10]. During wine
production, analytical tests are performed to ensure the optimum conditions to enhance
the fermentation. Depending on the scale of production, classical chemical analysis or
modern analytical instruments are employed. The official methods [11] used to perform
the wine analysis are precision manual tests with high robustness, but at the same time are
laborious, destructive, expensive, and have time-consuming characters. Spectrophotomet-
ric non-destructive and fast methods that could evaluate in real-time and make a broader
range of analyses, requiring minimal preparation procedure, have been developed to test
the wine parameters, avoiding the problem due to many samples to be analyzed. Among
these, the IR technology has proven precise, accurate, and gives valuable information about
the chemical properties, permitting the identification, characterization, and quality control
of several analytical parameters from a single measurement [12]. IR spectra are due to the
transitions within the vibrational level. The IR region is at wavelengths ~2500-25,000 nm.
The energy of this spectrum domain promotes vibrational excitation of covalently bonded
atoms, offering information about the chemical and physical properties of samples. In
food analysis, medium and near-infrared spectra are diagnostic [13]. The medium in-
frared (MIR) spectrum (4000-500 cm™ 1) gives information due to the rotational fingerprint
absorptions and excitation of specific fundamental vibrational of molecular species [14].
Instead, the near infrared (NIR) spectrum is related to combination bands and overtones
of the fundamental vibrations [15]. New technologies increase the volume and quality
of data obtainable in real-time and decrease the cost of the analyses. If comparable with
those obtained with official methods, these data are a resource for advancing applications,
systems, and models.

On the other hand, an incorrect quantification of analytical parameters determines
consequences on human health and damages the laboratory’s reputation. Therefore, it is
essential to validate automated spectrophotometric methods to establish their use in the
enological laboratories and traceability of the data obtained. Governments have created
Legal agencies to verify if the analytical laboratories perform their work correctly and
explain the guidelines for validating the analytical method [16]. To pass the accreditation,
the laboratories must verify the compliance of the tested method with the national and
international regulations ISO/IEC, 2005 [17]. Validation exercise interrupts the normal
working of the laboratory and is time-consuming and expensive. It would be helpful if the
results of the validations found more and more space among the scientific works to create
a collection of analytical methods for the analysis of food matrices that serve as references
for analytical laboratories to avoid unnecessary wastes of time [18-20]. This study aimed
to validate FI-IR reflectance methods to quantify wine’s total acid, alcohol, and SO, levels.

2. Materials and Methods
2.1. Chemicals

Chemicals were bought from Sigma Aldrich (St. Louis, MO, USA). Solvents, either
analytical or spectrophotometric grade, were bought from Sigma Aldrich (St. Louis,
MO, USA).

2.2. Samples

Wine samples “Ischia Piedirosso” (2015 vintage) were bought from commercial winer-
ies in South Italy. A total of 156 DOC non-pretreated wines was analyzed. Samples
were analyzed immediately upon opening and placed into the instrument without any
centrifugation.

2.3. Official Methods
All wines were analyzed by official methods to analyze wines [11].
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e  Alcohol determination was performed as follows: 50 mL of the wine sample was
distilled, and the alcohol was calculated from the density of the distillate by an
oscillation-type density meter (DMA 48, Anton Paar GmbH, Graz, Austria).

e Total acids were calculated as tartaric acid by titrating to pH 7.0 with 0.33 mol/L
NaOH with a pH-meter (Crison Basic 20 Crison Strumenti S.p.A. Carpi (MO), Italy).

e Total SO, was measured by iodometric titration. Sodium hydroxide solution 1 M
(25 mL) was pipetted into a conical flask containing a wine sample (50 mL). The flask
was shaken well and left (15 min). The 25% sulfuric acid (10 mL) and the starch
indicator (2-3 drops) were added. The solution was titrated with iodine solution
(0.01 M) until blue color appeared.

[SO;] =12.8x iodine (mL).

2.4. Winescan Technology

The wine analysis was performed by WineScan FT 120 (FOSS, Hillerod, Denmark),
equipped with an FI-IR equalizer, a DTGS pyroelectric detector, a HeNe laser (632 nm),
and a silicium detector to track the position of the moving mirror in the interferometer.
Cell (volume of 3.276 mL) was equipped with two CaF, windows (10 mm diameter cir-
cle with 2 mm thickness and an optical aperture of 88.54 mm?. An optical resolution of
14 cm ™! x 2000 cm~! and averaging based on 10 scans was used. Wave numbers were re-
ported in the WineScan software as pin-numbers. The relationship between wavenumbers
and pin-numbers was as follows: Wavenumber (cm~!) = 3.858 x pin-number (wavenum-
bers were quoted with pin-numbers in parentheses).

Multivariate calibration, specifically PLSR (partial least squares regression), was used
to adjust the calibration equations for each parameter. A background single-beam spectrum
was used as blank. The instrument automatically carries out two acquisitions for each
sample, each of which has an average of 10 scans. Teflon put on the same glass slides
employed for the spectral acquisition was used to prevent interferences due to the glass
slide. The minimum point on the predicted residual error sum of squares plot regulated the
number of factors used for each constituent. The suitability of the calibration model was
measured by calculating the standard errors (SE) between the reference method(s) and the
values obtained by leave-one-out cross-validation predictions. The method’s performance
was validated by calculating the standard deviation error between the predicted and
reference values obtained by analyzing 157 samples. The normality of the data was verified
by applying the Kolmogorov-Smirnov test. The non-parametric Bland & Altman test and
Passing & Bablok test determined the outliers.

Five broad spectral regions were considered in developing the PLS calibration models
by examining the pure component spectra. The optimal spectral region (or combina-
tion of spectral regions) for the estimation of each of the 3 parameters were selected by
cross-validation statistics. The spectral regions used in the PLS calibration model were:
SO, (1500—850 cm™1), total acidity (1500—1108 cm~!; 1801—1500 cm~!), and alcohol
(1500—850 cm~1; 1500—1108 cm—!; 1801 —1500 cm ™).

The apparatus was washed with a cleaning agent (S-470) and zeroed with Zero set
liquid (S-6060) every 120 min with the proprietary solutions supplied by FOSS (FOSS,
Hillerod, Denmark), and performed in the standardization procedure with the “Equalizer”
solution supplied by FOSS (FOSS, Hillerod, Denmark).

2.5. Statistical Analysis

Kolmogorov-Smirnov, Bland & Altman test, and Passing & Bablok tests were carried
out by Analyse-it software (Analyse-it Software, Ltd., Leeds, UK). A p-value > 0.05 was
considered significant.
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3. Results
3.1. Validation of SO, Concentration Obtained by Winescan Technology

In wine, SO, is free (SO,, SO32~, H,SO3, and HSO3 ™) or linked to aldehydes or
ketones. It is one of the most analyzed wine components to guarantee performance
without sensory impacts. The European Union (EU) regulated the maximum concentra-
tion of SO, that can be added to the wine (red wine 160 ug mL~! and white/rosé wine
210 ug mL~1) [11]. The World Health Organization (WHO) and the Food and Agricul-
ture Organization (FAO) established the acceptable SO, daily intake (0.7 ug g~! body
weight) [21]. The official methods [11] measure SO, by titration (Ripper method) [22]. This
method depends on the conversion of sulfite to sulfur dioxide in acidic acid. Successively,
SO; is distilled and collected in a hydrogen peroxide solution that oxidizes SO, to sulfuric
acid. Finally, H,SOy is titrated with sodium hydroxide solution using bromophenol or blue
methyl red as indicators. Alternatively, after distillation, a titration was employed against
standard iodine in the presence of starch [23]. In recent years, new methods, including
chromatographic [24], spectrometric [25-30], and electrochemistry methodologies [31],
have been developed to allow faster determination to analyze many samples in a short
time. Headspace gas chromatography [30,32,33], liquid chromatography (LC) [34], and
high-performance liquid chromatography (HPLC) were chromatographic apparatuses
used to isolate sulfur dioxide in wine, and ultraviolet-visible (UV-Vis), phosphorescence,
chemiluminescence, infrared (IR), and mass spectrometer dose it. UV-Vis detection is
based on radiation emission, determining transitions between distinct electronic states [34].

Fluorescence emission (visible and IR range) regulates transitions of the singlet excited
electronic state from the lowest vibrational level to the ground state. In both cases, the
sulfites” determination in wine implies a reaction with an agent and stabilizes the reac-
tion product. The pentacyanidonitrosylferrate II [35], the Schiff’s fuchsin reagent [36,37],
or the chromate [38] is used to determine it in the visible spectrum. The 2-(2-(9-(2-
carboxyphenyl)—6(diethylamino)—3-oxo-3H-xanten-2-yl)vinyl)—3-methyl benzothiazole-
3-ium [39], the (E)—2-(benzothiazol-2-yl)—3-(6-hydroxynaphthalen-2-yl) [40], the
benzopyrylium-based heterocyclic [41], or silica nanoparticles with iridium (III) com-
plex [42] are employed as fluorescent probe. Chemiluminescence is light emission that
occurs when peroxide and luminol react in alkaline media. The immobilization of peroxi-
dase and sulfite oxidase on polycarbonate membranes acts as a fiber-optic biosensor [43].

Finally, voltammetry and amperometry techniques were proposed. The sulfur dioxide
voltametric analytical peak is due to its oxidation to sulfate. Cyclic voltammograms show-
ing sulfite electro-oxidation at a glassy carbon or platinium electrode at pH = 7.0 [35-37].
In this study, the WineScan FT 120 instrument was employed to generate the spectra
in the mid-infrared region (926 to 5000 cm~!) (Figures 1 and S1-S4). The WineScan FT
120 instrument is a speed and multicomponent analytical instrument already employed in
studies on wine quality determinations [44].

The measure of the calibration exactness

The standard error (SE) proved the exactness of calibration

The average and standard deviation of the data found with the official and spectropho-
tometric methods were calculated. The results obtained by the official method were 0.4%
higher than those got by WineScan technology (Figure 2).
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Figure 1. Ischia DOC Piedirosso or Per’e Palummo wine total spectrum.
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Figure 2. Average of SO, concentrations in wine samples determined by official method and WineS-
can technology.

The mean and the deviation standard of samples were compared with the Kolmogorov-
Smirnov test to establish if the two datasets differed significantly [45] (Figure 3).

Official method WineScan
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HO:F(Y) = (11, 0) 1

Normal distribution

HI:F(Y)#(u, 0) 1

Non-normal distribution

Figure 3. Statistical differences (Kolmogorov-Smirnov Test) between SO, results obtained by the official method and
winescan technology. The continuous line represents the normal distribution. The dashed dots represent the observed

distribution.

The results of the Kolmogorov-Smirnov test revealed that some data were not nor-
mally distributed. Therefore, two non-parametric tests (Bland & Altman test and Passing &
Bablok test) [24,46] were used to evaluate a significant difference between the factor levels.
The Bland & Altman test [24] was performed to define the limits of agreement between
official and WineScan methods (Figure 4).
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Figure 4. Bland-Altman Test of SO, results obtained by the official method and WineScan tech-
nology. The dashed line represents the regression confidence. The continuous line represents the
interval limits.

The Bland—Altman analysis suggests that the WineScan and standard methods used
for quantitative measurements of samples agree within 95% of probability. Proportional
and constant errors were checked by the Passing & Bablok regression analysis (Figure 5).

Regression equation =1.974743 x + 0.815222

Systematic differences 180
Intercept A 0.8152 160 |
95% Cl  0.1716-0.8474 140}
Proportional differences ey
Slope B 1.9747 122 .
95% Cl 0.9368-1.0098 s
40}
20}
ob . , | !
0 50 100 150 200

x: WineScan results
y: Official method results

Figure 5. Passing & Bablok regression analysis of SO, results obtained by the official method and
WineScan technology. The line y = x is represented by the dashed line. The regression line corresponds
to the solid line.

Our results showed that most values are distributed around the regression line. There-
fore, the data obtained with the two types of analysis are comparable in dosage.

3.2. Validation of Alcohol Concentration Obtained by WineScan Technology

The reference method to determine alcohol concentration in wine consists of density
and pycnometric determinations preceded by a distillation step. Some new, inexpensive
procedures are proposed, including electronic densimetry [47-50], titration methods [51],
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enzymatic analysis [52,53], and chromatographic methods (liquid chromatography or gas
chromatography) [54,55]. However, these methods do not offer a clear advantage over
reference methods and are complex, labor-intensive, and time-consuming.

In this work, the results obtained by WineScan were compared with those obtained by
the official method. The results obtained by WineScan technology were 1.4% higher than
those obtained by the official method (Figure 6).

14

1357 097
= 135
153332009
13 .
Official method WineScan

p-value was between 0.01 and 0.05

Figure 6. Average of alcohol concentrations in wine samples determined by official method and
WineScan technology.

The normality of the data sets was verified by the Kolmogorov-Smirnov test (Figure 7).
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- 3
J -
& . a
2 =]
= 1 = i
= kY
o Q0 k1
: i
£ 4 J;’f £ 4
E 2| e £
=] = P ‘E -t
£ 3 i N - — z
W 15 11 115 12 125 13 135 14 145 185 16 -3
105 11 115 12 125 13 135 14 145 155 16
Dstatistic: 0.07; p-value: 0.0514 Dstatistic: 0.06; p-value: 1.0000
HT:F(Y)#(u, o) 1 HO:F(Y)#(u, o) 1
Non-normal distribution Normal distribution

Figure 7. Statistical differences (Kolmogorov-Smirnov test) between alcohol concentration results obtained by the official
method and WineScan technology. The continuous line represents the normal distribution. The dashed dots represent the
observed distribution.

The results of the official method were non-normally distributed. Instead, the WineS-
can results were normally distributed. Therefore, also, in this case, the statistical analysis
continued using non-parametric analysis methods. The Bland—Altman analysis showed
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that the results of WineScan and standard methods agreed within 95% of probability

(Figure 8).
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Figure 8. Bland—Altman Test of alcohol concentration results obtained by the official method and

WineScan technology. The dashed line represents the regression confidence. The continuous line

represents the interval limits.

The Passing & Bablok (P&B)

regression analysis confirmed the comparable dosages

obtained with two methods. (Figure 9).

Regression equation = 1.959184 x + 0.165612

Systematic Differences 180 |
Intercept A 0.1656 160 -
95% Cl  ~0.2640-0.5309 !
Proportional Differences :ig i
Slope B 1.9592 8ol
95%Cl  0.8966-1.0296 sol.
40
20
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x: WineScan results
y: Official method results

Figure 9. Passing & Bablok regression analysis of alcohol concentration results obtained by the official method and WineScan

technology. The line y = x is represented by the dashed line. The regression line corresponds to the solid line.

3.3. Validation of Total Acid Concentration Obtained by Winescan Technology

Organic and inorganic acids

determine the total acidity in wine except for carbonic

acids (HpCOs3 or HyO + CO,). The acid amount in wine depends on the grape variety,
climatic conditions during maturing, ripeness degree, soil, vineyard position, phytosanitary
condition of grapes, grape processing, agrotechnical measures, alcohol fermentation, and
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Mormal theoretical guintile
[ o]

wine storage [56]. In wine, there are more than 40 organic acids. Tartaric, malic, and citric
acid are a component of grapes. Succinic, 2-dimethylglicerine acid, 2-ketoglutaric, hexane,
octane, and decane acids are products of alcohol fermentation. Phenol-carbonic acids are
present in trace amounts and influence wine sensory characteristics (taste, color) [57]. The
official method used to determine total acids consists of wine titration (after removal of
CO;,) with a strong base. Other analytical methods proposed were chromatography [58],
spectroscopy [59-62], and electrochemical methods [63,64]. Comparing the data obtained
with WineScan and official methods, it appears that WineScan technology overestimated
the total acid concentration of 1.8% (Figure 10).
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p-value was between 0.01 and 0.05

Figure 10. Average of total acid concentrations in wine samples determined by official method and

WineScan technology.
Results of both data sets were non-normal distributed (Kolmogorov-Smirnov test)
(Figure 11).
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Figure 11. Statistical differences (Kolmogorov-Smirnov test) between total acid concentration results obtained by the official

method and WineScan technology. The continuous line represents the normal distribution. The dashed dots represent the

observed distribution.
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The Bland-Altman analysis showed that the results of WineScan and standard meth-
ods agreed within 95% of probability (Figure 12).
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Figure 12. Bland—-Altman Test of total acid results obtained by the official method and WineScan
technology. The dashed line represents the regression confidence. The continuous line represents the

interval limits.

The Passing & Bablok regression analysis confirmed these data. (Figure 13).
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Figure 13. Passing & Bablok regression analysis of total acid results obtained by the official method and WineScan technology.
The line y = x is represented by the dashed line. The regression line corresponds to the solid line.
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4. Discussion

In food, chemistry is essential to provide consistent and accurate results with known
uncertainty. Therefore, when methods are developed, it is necessary to determine the
criteria to ensure their validity (ISO/IEC, 2005) [17]. Each method must be validated for
each matrix and working range. Complete method validation involves linearity, accuracy,
precision, repeatability, and robustness [65-67]. Alternatively, it is possible to compare
the results of different analytical methodologies to proficiency testings, interlaboratory,
and round-robin trials to obtain the working range concentration or employ reference
materials obtained by reference methods (metrological approach) [19,68,69]. In this study,
a metrological approach was applied to verify the reliability of the results. The significance
level is set at 5%. The mean (or average), standard deviation, relative standard deviation,
regression analysis, and confidence intervals were used to validate the analytical method.
Statistical analyses verify if the experimental data were consistent with the null hypothesis
(Hp # 0). Hy defines if two elements or a series of elements are equal. If Hy is true, the
deviation between different characteristics and the probability p to have this deviation
must also be determined. Hj is plausible when p is large. p is fixed according to the
level of confidence or significance (usually p=0.95 as a level of confidence; x=0.05 as a
significance level) [70]. When we reject the null hypothesis, although that hypothesis was
true, two types of errors can occur: Type I error, or alpha (false positive), occurs when
the research hypothesis (H1) is accepted and the null hypothesis (Hy) is rejected, when in
reality the ‘null” is correct. It is due to random chance [71]. Type Il errors, or beta (false
negatives), occur when the research hypothesis is rejected, but it is correct. It occurs when
there is insufficient sample size for detecting an effect of interest [72]. Wine spectra are
incredibly complex. The FT-IR technique is an indirect analytical method [73] that gives
the analytical results applying an algorithm based on partial least squares (PLS) regression.
The interferences are pretty balanced to the wavelengths absorbances characteristic of
the parameter to study. Infrared spectra of a group of wine samples have been made
to compensate for the interferences and calibrate the parameters quantified by standard
methods. The mean and standard deviation related to the distributions were calculated.
Total acidity and sulfur dioxide give similar media and standard deviation results. Instead,
alcoholic volume content differs slightly according to the method used. We have calculated
the maximum distance between the WineScan distribution function and the official method
distribution function by the Kolmogorov-Smirnov test (K-S test). Data follows a normal
distribution if p < 0.05. The results of the Kolmogorov-Smirnov test revealed that some
data were not normally distributed. Therefore, two non-parametric tests (Bland & Altman
test and Passing & Bablok test) were used to evaluate a significant difference between
the factor levels. Non-parametric statistical analysis focuses on the order of the data size.
They convert the original data in size and use + or — signs or data size rank. Bland &
Altman plot describes the agreement between two quantitative measurements using a
graphical approach. Limits of the agreement are obtained by calculating the mean and
standard deviation of the differences between the two analysis methods. The resulting
graph is a scatter plot XY in which the Y-axis shows the difference between the two paired
measurements (A-B), and the X-axis represents the average of these measures ((A + B)/2).
In other words, the difference between the two paired measurements is plotted against
the mean of the two measurements. B&A recommended that 95% of the data points
should lie within £ 2 s of the mean difference. It is also possible to plot the differences
as percentages or ratios. The bias is computed as the value determined by one method
minus the value determined by the other method. If the average of the differences is not
close to zero, the two assay methods are systematically producing different results [74].
The Bland-Altman analysis suggests that the WineScan and standard methods used for
quantitative measurements of samples agree within 95% of probability. These findings
(Figures 3 and 4) indicate that the values fall within the desired confidence interval, and
the points are distributed randomly around the average. Therefore, the two methods are
compared with the 95% probability. The statistical analysis continued with the Passing
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& Bablok regression analysis. It is a statistical procedure, non-sensitive to data outliers
and distribution of errors, that allows valuation of analytical methods agreement and
systematic bias between them. The Scatter diagram, regression equation, and regression
line displayed the results. The line slope of the results indicates proportional errors, while
the line intercept indicates constant errors. It is necessary to calculate the 95% confidence
intervals to check these errors. Constant errors are absent when the intercept confidence
interval includes the value 0. Proportional errors are absent when the slope confidence
interval includes the value 1 [75]. Our results showed that most values are distributed
around the regression line. Therefore, the data obtained with the two types of analysis are
comparable in dosage. The slope and intercept values show the lack of constant errors (the
value 0 is in the intercept confidence interval) and the possibility of proportional errors
(the value 1 is not in the slope confidence interval) due to interfering contaminants in
the sample.

5. Conclusions

The WineScan method is rapid and has high automation (data processing and an
autosampler). It is well verified in daily routine analyses, is environment friendly, and
has low maintenance costs. The validation procedure made on Italian wines showed that
WineScan determination of alcohol, SO,, and total acid concentrations are comparable to
that obtained by the respective official methods. Statistical methods showed that WineScan
do not make indeterminate errors (instrumental and method errors), but it could make pro-
portional errors due to interfering contaminants in the sample. These errors are corrected
by blank determination. Therefore, the regulators can indicate the non-invasive technology
WineScan for routine analysis.
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