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Abstract Agricultural distillates are used for the production
of spirit beverages. As more and more products with a specific
botanical composition specified on the label are produced (e.g.
rye vodkas, wheat vodkas and Polish Vodka, which cannot be
produced with the addition of maize distillate), it is
necessary to look for quicker and more accurate
methods allowing the determination of botanical origin
of alcoholic beverages and materials used to their pro-
duction. The aim of this study is to verify the useful-
ness of the electronic nose based on the ultra-fast gas
chromatography for quick differentiation between agri-
cultural distillates according to their botanical origin.
Nineteen samples included distillates from rye, triticale,
wheat and maize were used for the research. For data
analysis, the following methods were used: PCA—
Principal Component Analysis, DFA—Discriminant
Function Analysis, SIMCA classification (SIMCA—
Soft Independent Modeling of Class Analogies) and
SQC—Statistical Quality Control. The use of the elec-
tronic nose with ultra-fast gas chromatography and the
use of DFA and SIMCA analyses allowed differentiation
between agricultural distillates according to their botan-
ical origin.
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Introduction

According to Regulation No. 110/2008 of the European
Parliament and of the Council (EC) of 15 January 2008, a
distillate of agricultural origin means an alcoholic liquid,
which is obtained by the distillation, after alcoholic fermenta-
tion, from specific agricultural products, which do not has the
characteristics of ethyl alcohol or a spirit drink, but still retains
the odour and flavour of the ingredients used. The regulation
defines the minimum alcoholic strength by volume, which
should be 96.0 % vol., and the maximum levels of some com-
pounds, such as esters up to 1.3 g/hl of alcohol 100 % vol.
(expressed in grams of ethyl acetate), aldehydes 0.5 g/hl
(expressed in grams of acetaldehyde), higher alcohols 0.5 g/
hl (expressed in grams of 2-methyl-1-propanol) and methanol
30 g/hl.

The composition of agricultural distillates is influenced by
the material, from which it is produced and fermentation con-
ditions, including, amongst other things, tanks, in which this
process is conducted and the distillation process (Tarko 2006).
During the fermentation process conducted using yeasts, vol-
atile and non-volatile by-products are produced, apart from
ethanol, which influence the quality of the alcohol. Non-
volatile substances, which remain in the dry mass of the mash,
include sugars which have not been fully fermented, cellulose,
substances containing nitrogen compounds, and mineral salts.
Non-volatile substances, which remain in the brew, include
glycerine and acids, e.g. lactic acid. Volatile substances, which
enter the distillate as by-products, can include the following
groups of compounds: methanol, higher alcohols, esters, fatty
acids, carbonyl compounds, i.e. aldehydes, ketones, acetals
and other (Tarko 2006; Stanisz et al. 2009). As previously
mentioned, the concentrations of these products largely de-
pend on the material, from which the distillate is produced.
Raw spirits can be produced from different materials like
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grain, potato, beet, sugar cane, molasses or other products
contain starch. In the industry, agricultural distillates produced
for human consumption are usually made from grains or po-
tato. Each of the distillate differs in composition due to mate-
rials from which they are made. For example, raw spirits ob-
tained from triticale contain relatively small amounts of acids,
esters, methanol and higher alcohols, as compared to rye dis-
tillates (Pietruszka et al. 2010).

Ethanol is the main component of the matrices of agricul-
tural distillates; however, apart from it, these matrices are
characterised by the presence of a large number of compounds
at low concentrations originating from various groups. As a
result, tests of the composition of agricultural distillates are
not easy, due to legal requirements (Tarko 2006), which must
be complied with so that a distillate can be used for the pro-
duction of spirit beverages and also due to the large number of
compounds influencing the quality of spirits. It is very impor-
tant that research should be conducted, which will allow for
defining characteristic features of spirits and for assessing the
quality of the products and their processing. Research is usu-
ally conducted using gas chromatography to determine the
composition of specific compounds or a group of compounds
(determination of aldehydes in raw spirits made from potato
(Czupryński and Kotarska 2009), esters in grain distillates
(Plutowska and Wardencki 2008) and quality assessment of
grain spirits (Plutowska et al. 2010; Wardencki et al. 2009)).
Attempts have been also made to distinguish between agricul-
tural distillates according to their botanical origin using gas
chromatography by Jeleń et al. 2010 (raw spirits made from
rye, potato and corn), Ziółkowska and Jeleń 2012 (agricultural
distillates produced from rye, corn and potato) and
Biernacka and Wardencki 2012 (raw spirits made from
rye, corn, wheat and triticale); however, they did not
allow for accurate differentiation between all tested dis-
tillates and the method itself was relatively long. As
more and more products with a specific botanical com-
position specified on the label are produced (e.g. rye
vodkas, wheat vodkas and Polish Vodka, which cannot
be produced with the addition of maize distillate), it is
necessary to look for quicker and more accurate
methods allowing the determination of botanical origin.

The aim of this study is to verify the usefulness of the
electronic nose based on the ultra-fast gas chromatography
Heracles II formAlphaMOSCo. (Toulouse, France) for quick
differentiation between agricultural distillates according to
their botanical origin. The results of this study may contribute
to the development of quality control of products and a more
efficient assessment of materials for the production of spirit
drinks with a composition specified on the label. Conducted
research improves a product authentication for such alcohols
as Polish vodkas, which in the near future can constitute a
background for supplementation of law regulations or be a
basis of the new ones.

Materials and Methods

Materials

Agricultural distillates obtained from Destylarnia Sobieski
S.A. (Poland, Pomeranian Province) and the Żyrardów distill-
ery (Poland, Mazovian Province) were used for analysis.
Distillates were produced in the smaller breweries located
across whole area of Poland, namely they were from
Kołaczkowo, Jawty Wielkie, Lotyń, Rąbczyn, Brzostowo,
Skrzatusz, Wielka Klonia, Kęsowo and then delivered to the
above-mentioned distilleries. The samples included distillates
from three rye cultivars (eight samples), two triticale cultivars
(four samples), three wheat cultivars (three samples) and two
maize cultivars (four samples). All of distillates, which have
been used, were good quality.

Methods

Sample Preparation

All samples were prepared using the same analytical proce-
dure. This is connected with similar ethanol concentrations in
the tested samples and a similar composition of materials used
for the production. About 6.25 ml of water and 1.75 ml of
agricultural distillate were added to the vial. Next, the samples
were mixed and analysed using the electronic nose.
Depending on the amount of the sample, three or two repeti-
tions were performed.

Electronic Nose Analysis

An electronic nose based on ultra-fast gas chromatography by
AlphaMOS (Toulouse, France) was used for the research. It is
equipped with a sorption trap, a dispenser allowing for the
introduction of a gas or liquid sample, two flame ionisation
detectors (FID), dedicated AlphaSoft V12 software with im-
plemented modules for chromatographic, chemometric, and
sensory analysis of characteristics of detected chemical com-
pounds, the Arochembase V4 HERACLES V12 library, an
HS100 autosampler, a set of independent chromatographic
columns with different polarity (non-polar MXT-5 and medi-
um polar MXT-1701, length 10 m). For the autosampler, the
incubation time was set at 1200 s, the incubation temperature
at 40 °C and the syringe temperature at 100 °C. About 2.5 ml
of the sample were dispensed for 5 s at the dispenser temper-
ature of 200 °C with the volumetric intensity of the carrier gas
flow equal to 30 ml/min. The sample was kept at the sorption
trap for 20 s at 40 °C. The analysis started at 40 °C for 2 s, and
next, an increase in the temperature of 3 °C/s was used until a
temperature of 270 °C was reached, which was maintained for
18 s. Hydrogen was used as the carrier gas. The following
chemometric methods were used for proper data
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interpretation: PCA—Principal Component Analysis, DFA—
Discriminant Function Analysis, SIMCA classification
(SIMCA—Soft Independent Modeling of Class Analogies)
and SQC—Statistical Quality Control.

Chemometric Methods

The PCA is mainly used for modeling, compressing and the
visualization of multivariate data. This method of data analy-
sis involves the reduction of the number of variables describ-
ing samples or finding relationships between them. This meth-
od of data analysis presents the variability in the data structure
transforming it into a new system of coordinates, where the

number of coordinates will be less than the number of original
variables. Transformations of variables are based on the fact
that a new set of variables is created by a fewer variables, but
at the same time a maximum variability of the dataset is
achieved. After transformation, coordinates are called the
principal components (Mazerski 2000).

The principle of DFA is to determine which variables allow
to differentiate the samples into indicated groups.
Subsequently, these variables are used to classify the unknown
samples. This method comprises two main steps, namely first
step—a step of learning or building a model, which relies on
finding classification rules based on a training set of data, and
second one—a classification step or the use of a model which

Fig. 2 DFA scores of agricultural distillates

Fig. 1 PCA scores of agricultural distillates
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is based on the classification rules obtained in first step
(Mazerski 2000).

The SIMCA analysis is based on PCA models which are
created for all the objects in the first stage of the analysis.
Subsequently, each of class is calculated using a separate
PCA model, which contains the optimum number of the main
components defining the data structure. Classification is car-
ried out in two stages. The second stage is called the stage of
testing. It is based on the assignation of new objects to existing
class with the best fit. The results of the classification depend
on the choice of the number of principal components of model
class (Wójcicki 2013).

The SQC analysis is usually used for quality control of
processes. Samples, which belong to one group, should be

related to the designated area of the graph. These parameters
include deviations from the target samples or concentrations
of tested substances. If unknown samples are not related to the
designated area, it means they are statistically different with
the samples assigned to the reference group (Karkalousos and
Evangelopoulos 2011).

Results and Discussion

All samples were first analysed using PCA to verify the use-
fulness of this method for distinguishing between distillates
according to their botanical origin. This analysis allows data
visualisations, owing to which it can be defined which sam-
ples differ the most from those found in the created group.

PCA did not allow full differentiation between the tested
distillates according to their botanical origin (Fig. 1). Two
points belonging to one sample of a wheat distillate situated
between PC1=25,000 and 50,000 overlapped with a group of
points belonging to distillates produced from triticale situated
between PC1=0 and 100,000. It is probably caused by smaller
differences in the composition of wheat distillates and those
produced from triticale, which is connected with the fact that
triticale is a hybrid of wheat and rye. It should be noticed that
the points are not dense in any of the tested groups. This is
probably connected with various production processes of the
tested distillates and the use of various cultivars for their pro-
duction. Due to the lack of full differentiation, it is necessary
to use another chemometric method to distinguish between
agricultural distillates according to the tested materials.

DFA was another method used—this analysis is used for
grouping data and differentiating between groups.

Fig. 4 SIMCA scores of agricultural distillates; agricultural distillates from rye—a reference group

Fig. 3 Three-dimensional DFA scores of agricultural distillates
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Figures 2 and 3 present DFA graphs. DFA allowed for
distinguishing between all tested groups of agricultural distil-
lates. Points belonging to wheat distillates are situated be-
tween DF1=−17 and −10 on the DFA graph, while the points
belonging to others groups are situated between DF1=−1 and
4. Group of points belonging to triticale distillates are situated
between DF1=0 and 10, DF2=5 and 12.5, DF3=0 and 6,
group of points belonging to maize distillates are situated be-
tween DF1=−5 and 10, DF2=7.5 and 12.5, DF3=−6 and 0,
which is shown on the 3D graph (Fig. 3). These groups are the
closest to each other on the DFA graph. Due to small distances
between points on the DFA graph, it was necessary to check
other available chemometric methods.

In SIMCA classification, a separate graph is created for
each reference group. Groups are created on the basis of the

principal component method. Next, the so-called Bconfidenti-
ality envelope^ is created around them, which should include,
with defined probability, all elements contained in a given
class. Four graphs were prepared for each group of distillates
as a reference group.

It can be noticed in graphs presented in Figs. 4, 5, 6 and 7
that the so-called Bconfidentiality envelopes^ contain only
points, which belong to reference groups, i.e. groups, for
which a given graph was created. All points belonging to other
groups are outside the designated area. This means that the
selected method proved to be successful in the differentiation
between the tested groups of agricultural distillates.

The SQC analysis allowed for distinguishing only one
group of points belonging to rye distillates. The other groups
of points were characterised by too great differences between

Fig. 6 SIMCA scores of agricultural distillates; agricultural distillates from triticale—a reference group

Fig. 5 SIMCA scores of agricultural distillates; agricultural distillates from maize—a reference group
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points belonging to individual groups. This is probably con-
nected with different production processes and the use of var-
ious cultivars of the cereal in question. Apparently, rye culti-
vars used for the production of rye distillates are characterised
by high similarity, as a result of which points belonging to rye
distillates on the SQC graph overlap at close distances from
each other (Fig. 8).

Conclusion

Due to changing legal regulations, it is more and more often
required that the materials needed for the production of alco-
hols obtained from agricultural distillates should be specified.
To meet the demand, the usefulness of the electronic nose

using ultra-fast gas chromatography for the assessment of
the botanical origin of agricultural distillates was tested. This
device is characterised by simplicity and the ability to conduct
quick analyses, which last several dozen or several hundred
seconds. Four chemometric methods were used for data anal-
ysis: PCA, DFA, SIMCA and SQC. From these methods,
DFA and SIMCA allowed the differentiation between all test-
ed groups of agricultural distillates. In PCA, the differentiation
between distillates produced from triticale and those produced
fromwheat proved to be impossible. The SQC analysis, on the
other hand, only allowed differentiation between rye distillates
and the other distillates used in the analysis. In summary, the
use of the electronic nose with ultra-fast gas chromatography
and the use of chemometric DFA and SIMCA analyses
allowed differentiation between agricultural distillates

Fig. 8 SQC scores of agricultural distillates; agricultural distillates from rye—a reference group

Fig. 7 SIMCA scores of agricultural distillates; agricultural distillates from wheat—a reference group
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according to their botanical origin. The results of this study
can be used for quality control and authentication in the food
industry. The elaborated procedure allows to control the raw
material delivered to the distilleries and consequently to re-
duce the adulteration of products appearing on the market.
Moreover, the information about of the origin of these alco-
hols is achievable, thus the certification in accordance with
legal regulations for such alcohols as Polish Vodkas will be
also possible.
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