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Brazilian cachagas (115 samples; 73 samples derived from distillation in copper pot stills, 42 samples
derived from distillation in stainless steel columns), collected directly at the producers, were analyzed
for the contents of 34 constituents by chromatography, inductively coupled plasma optical emission
spectrometry, and atomic absorption spectrometry. The analytical data were subjected to principal
component analysis (PCA) and linear discriminant analysis (LDA). The PCA treatment led to
discrimination of the two groups of cachacas, explaining 65.0% of the database variance. Using LDA
and ethanal, ethyl carbamate, dimethyl sulfide, isobutyl alcohol, n-propanal, copper, ethyl acetate,
and phenylmethanal as chemical descriptors, a model was developed that presented 95.1% accuracy
in predicting the type of distillation apparatus.
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INTRODUCTION and homogeneity of the heat sour@eg, 10—14). For example,

low levels of volatile sulfur compounds such as dimethyl sulfide
and high contents of aldehydes and copper ions in the spirits
are related to the presence of copper in the ascendant part of
the distiller (8,12, 14). Nonuniform heating or overheating of

During recent years, the export of Brazilian sugar cane spirit,
known as cachag has shown a considerable increase. It is
estimated that the caclamindustry produces more than 5000

brands, and exports are expected to reach U.S. $30 million inthe wine (fermented must). which is rich in sucars (pentose or
2010 (1). Therefore, it is essential that the existing production ( ), . gars (p
hexose), increases the concentration of 2-furfuraldehyde and

rocess be improved and that chemical and sensory qualities
Be rigidly contrr)olled (1—6). Distillation of the suga¥ gane- S-hydroxymethyl-2-furfuraldehyde (102, 14-16,33).
derived fermented must or “wine” in copper pot stills (group ~ The copper pot still (or alembic) process is known as a batch
1) or stainless steel columns (group 2) and the fermentation aredistillation corresponding to one theoretical plate; a column is
the most important steps in the production of caehé 8). a continuous process involving many assembled theoretical
The resulting cachas can be distinguished as the so-called plates (7,8, 17). When the distillation is carried out in a pot
homemade or “artisanal” caclasthat are distilled in copper  still, the alcoholic degree of the spirits is monitored during the
pot stills and “industrial” cachaxs that are distilled in stainless ~ distillation process and three fractions, namely, head, heart, and
steel columns. There is ongoing debate as to which productiontail, are separated on the basis of their alcoholic contents. The
method results in better qualities. main objective of this separation is to ensure that the heart

During the distillation process, a heated rich mixture of fraction has alow concentration of toxic and sensorial negative
volatile compounds obtained from the fermentation step is in compounds, acceptable concentrations of ethanol, and com-
contact with the hot surface of the equipment, which behaves pounds that are favorable to the aroma and flavor of the ¢cachac
as a reactor, and the metals present in the walls of the distiller, The head (alcoholic degree of 5@0% v/v) distills in the
which behave as catalystg£10). As a consequence, a high temperature range of 7#¥5 °C, whereas the tail (alcoholic
number of reactions such as esterification, acetalization, dehy-degree of 16-38% v/v) distills in the temperature range of-85
dration, and oxidation take place during the distillati®( 100°C (9, 18). These two fractions make up 20% of the total
13). The yields of these reaction products as well as their relative volume of the distilled cachac The tail and the head can be
ratio are therefore dependent on the type of distillation apparatus,reused in subsequent distillations. The heart (alcoholic degree
the material employed in their construction, and the intensity of 38—50% v/v) distills in the range of 7585 °C and makes

up 80% of the total volume of distilled cacte9, 14, 18).
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column is used in the distillation process, the three fractions M6A, wavelength= 365 nm). The HPLC separation was accomplished
are not separated, because it is a continuous process (9). Thesing a Shimadzu Shim-Pak C18 column (25 en#.6 mm i.d.x 5
distilled portion shows an alcoholic degree of-38% (V/v), um particle size) with watermethanol/acetonitrile (80:20) as elution
which is adjusted with water to 38—48% (v/v) to yield the gradient. The foIIowmg methanol/aceton|tr|Ie—Watgr gra@ent was
commercial product. The temperature in the base of the Columnused: methanol/acetonitrile (80:20)ater 60:40 (v/v) isocratic for 9

. min (1.00 mL min?Y), from 60:40 to 70:30 in 6 min, from 70:30 to
54‘{)55"'2‘33/&‘?""%” 103 and 106 and that at the top around  g4.54 i 15 min, from 80:20 to 90:10 in 10 min, from 90:10 to 60:40

o . ) in 2 min, and 60:40 isocratic for 3 min.
Therefore, taking into account all of these differences in the Dimethyl Sulfide (6, 20)Determinations of dimethyl sulfide was

distillation step, some differences in the qualitative and quantita- carried out in a purge and trap concentrator (Ol Analytical, model 4560)
tive chemical profiles of artisanal and industrial cadmare using high-purity helium (99.999%) coupled to a gas chromatograph
expected to occur. (Shimadzu, model GC17A) equipped with a mass selective detector
As a part of our efforts to better understand the caalsac  (Shimadzu, model GC-MS-QP5050A) using 70 eV electron impact as
chemistry, this study aims at establishing sound scientific criteria the ionization mode. Separation was achieved in a column packed with
to distinguish cachas according to the production technique. esterified polyethylene glycol (HP-FFAP, 50 ;0.2 mmx 0.3 um;
Hewlett-Packard). The gas chromatograph was operated in the “on”
column injection mode. The column temperature was set &C6fr
5 min, after which it was raised to 20C at a rate of 10C min™*.
Samples.All of the samples of cachachad been collected from Helium at a flow rate of 1 mL mint was used as the carrier gas. The
the producer at the moment of the distillation and stored in the mass spectrometer detector was operated in the single ion monitoring
refrigerator (6—8C), hence eliminating variables such as aging time, (SIM) mode (m/Z62).
addition of water, or storage effects. One hundred and fifteen samples  Ethyl Carbamate (15)The samples were analyzed with a gas
of cachaes were analyzed. From these, 82 samples (55 samples distilledchromatograph system (Shimadzu model GC17A) equipped with a mass
in copper pot stills, heart fraction, group 1; 27 samples distilled in selective detector (Shimadzu model GCMS-QP5050A) using 70 eV
stainless steel columns, group 2) constituted the evaluation group, andelectron impact as the ionization mode. The mass spectrometer detector
33 samples were used as a test group (18 distilled in copper pot stills,was operated in the SIM moden(z 62), and propyl carbamate was
15 distilled in stainless steel columns; LDA analysis). The complete added as an internal standard. The oven temperature program was as
list of the place of production is available as Supporting Information. follows: 90°C (2 min), followed by an increase to 13C at 10 °C
Standards.Methanol, ethanal (formaldehyde), ethyl acetate, propyl min~ (0 min), then up to 236C at 40 °C min! (10 min). Helium
alcohol, isobutyl alcohol, isoamyl alcohols (3-methyl-1-butanol and was used as carrier gas (flow rate of 1.5 mL m)nSample aliquots
2-methyl-1-butanol), acetic acidecbutyl alcohol, andh-butyl alcohol of 2.0 uL were injected into the gas chromatograph system.
were purchased from Mallinckrodt (Xalostoc, Mexico); ethyl carbamate, Inorganic Compounds. Metals (1).The analyses were performed
dimethyl sulfide, 3-methylbutanah-pentanal, 2,3-butanedione mon- by inductively coupled plasma optical emission spectrometry (ICP OES)
oxime, methyl phenyl ketone, cyclopentanone, methanal (formalde- (Optima 3000 Dual View, Perkin-Elmer). A sample (50.0 mL) was
hyde),n-propanal, 5-hydroxymethyl-2-furfuraldehyde (5-HMF), 2-fur-  paced in an open 150 mL beaker and then digested with 10.0 mL of
furaldehyde (furfuraldehyde), 2-butenal, 2-me_thy|-1-propana|, _l-butanal, HNO; under controlled heating (100—12@) until 5.0 mL of sample
and phenylmethanal (benzaldehyde) from Sigma-Aldrich (Milwaukee, yolume remained. After cooling at room temperature, the treated sample
WI) were used as purchased. The standard solutions for analyzing theyyas transferred to a 25.0 mL volumetric flask, diluted to volume with
elements (manganese, aluminum, sodium, calcium, magnesium, copperg 0% nitric acid solution, and then analyzed. The calibration curves

strontium, iron, cadmium, and potassium) were obtained by diluting a \yere constructed by using the external standard method, and all of the
multielement standard solution obtained from Carlo Erba (Milano, Italy) analyses were performed in triplicate.

using distilled water, which was deionized using a Milli-Q system
(Millipore, Bedford, MA).

MATERIALS AND METHODS

Multivariate Analyses. Using all sets of data (see Supporting
8 . Information) a data matrix was structured with 115 rows representing
Analytical Procedures. All analyses were performed as described  5-haas samples and 34 columns corresponding to the concentration
previously (1,2, 4, 6, 15, 19, 20). The organic compounds Were )65 of the chemical variables analyzed. The chemical variables were

analyzed using chromatographic techniques. Except v_vhen “Si”_g 8 98%ytoscaled before statistical treatment. Principal component analysis
chromatography—mass spectrometry (GC-MS) technique, the identi- (PCA) and linear discriminant analysis (LDA) were applied to

fication of the desired compounds was carried out by comparing relative distinguish between cachae of group 1 (distilled in copper pot stills)

retent_io_n time with that of a standar(_j obtained from a chromatggram and cachaas of group 2 (distilled in stainless steel columri€9£27).
containing the standards dissolved in an ethanol/water (40:60% V) gjrot an exploratory analysis was carried out by PCA using analytical

mixture and also by spiking the sampl_e with an aliquot of the knowr_l data for 82 samples (55 samples of catsadistilled in copper pot
compound and observing the changes in the chromatogram. When usingyys ang 27 distilled in stainless steel columns) to verify group

GC-MS, the |dent|f|cat|on_was also Ca”'e‘?' out by comparing th(_e formation and data structure. Afterward, LDA was used for classifica-
fragmentogram of the desired compound with that of the standard in tion purposes. The training set used in the LDA was composed of the
thg same experiment{;\! condition. Quantitative anglysgs were realizedg, samples used in the PCA. The self-consistency of the LDA model
using a s_tandard addition method and performed in tr|p||_cate._ was examined through cross-validation using 33 unknown samples.
Organic Compounds.Alcohols, Ethyl Acetate, and Acetic Acid (2, During cross-validation, one sample at a time fogamples) is left
3, 20).Samples were spiked with internal standardéxanol). Aliquots out, and the prediction ability is tested on the sample omitted. This
of 1.0uL were injected into the gas chromatograph system (Hewlett- ,,cequre is repeatettimes, resulting im models, and will give an
Packard, HP 5890 series II) using a flame ionization detector (FID) oqtimate of the average prediction ability for themodels. The

and an HP-FFAP column (cross-linked polyethylene glycol esterified, 1, tivariate analyses were carried out using the Minitab R14 software

50 m x 0.20 mmx 0.33 um film thickness). The analyses were  \;\ITAB and the MINITAB logo are registered trademarks of
performed at a 1:50 split ratio. Hydrogen was used as carrier gas (flow pjinitab Inc.).

rate of 1.2 mL min?). The temperatures of both injector and detector

(FID) were set at 250C. The oven temperature program was 4

for 2 min, followed by an increase to 183C at 10°C min~?, then kept RESULTS AND DISCUSSION

for 4 min, and then up to 20TC at 5 °C mirr?, and maintained for 15 . . . . . .

min. Studies realized with other spirits showed that it is possible
A|dehydes and Ketones (4’ 5}]e Samp|es were ana]yzed inaHPLC to relate the type Of d|st|”at|0n SyStem to the ComDOSItlon Of

Shimadzu model LC-10AD equipped with a UVis diode array the spirits and characterize a spirit by considering its chemical

detector (high-performance liquid chromatography, Shimadzu SPD composition (1112,19-23,26—33).
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Table 1. Average, Median, Low, and High Concentrations of Constituents in Brazilian Cachagas (Group 1, Cachacas Distilled in Copper Pot Stills;
Group 2, Cachacas Distilled in Stainless Steel Columns; Concentrations of Organic Compounds in Milligrams per 100 mL of AA; Concentrations of
Elements in Milligrams per 100 mL)

average median low high

group 1 group 2 group 1 group 2 group 1 group 2 group 1 group 2
methanal 0.0673 0.0180 <QLae <QL? <QL? <QL? 0.768 0.0690
5-hydroxymethyl-2-furfuraldehyde 0.491 0.520 0.159 0.156 <QLa <QLa 4.55 2.52
ethanal 4.06 6.38 1.84 3.54 0.164 0.230 20.2 19.1
n-propanal 0.0410 0.0195 <QL? <QL? <QL? <QL? 0.509 0.0760
2,3-butanedione monoxime 0.0342 0.0219 <QL? <QLe <QL? <QLe? 0.859 0.164
2-furfuraldehyde 0.0144 0.0214 <QL? <QL? <QL? <QL? 0.335 0.170
2-butenal 0.162 0.0512 <QL? 0.0280 <QL?2 <QL? 5.32 0.790
2-methyl-1-propanal + 1-butanal 0.0750 0.0729 0.0390 0.0645 <QLa <QLa 0.662 0.152
cyclopentanone <QLa <QLa <QLa <QL@ <QLa <QLa 0.117 0.107
phenylmethanal 0.0505 0.591 <QLa 0.559 <QL?2 0.0500 0.600 1.50
3-methylbutanal 0.0349 0.0611 0.0310 0.0455 <QL? <QL? 0.243 0.210
n-pentanal 0.0205 0.0258 <QL? <QLe <QL? <QL? 0.546 0.140
methyl phenyl ketone 0.0537 <QL?2 <QL? <QL? <QL? <QL? 0.726 0.0330
ethyl carbamate 0.0246 0.180 0.0100 0.105 <QLP <QLP 0.260 0.843
ethyl acetate 459 50.0 36.0 28.5 <QL¢ 3.33 180 623
acetic acid 50.3 17.4 27.6 0.524 <QL¢ <QL¢ 304 444
3-methyl-1-butanol 132 151 123 136 13.6 2.92 379 314
methanol 20.2 17.5 20.9 20.4 <QL¢ <QL¢ 68.9 452
sec-butyl alcohol 6.16 15.3 <QL¢ 4.14 <QL¢ <QL¢ 96.8 66.9
propy! alcohol 443 65.7 34.5 40.2 <QL¢ 17.9 273 341
isobutyl alcohol 36.9 51.8 323 431 2.39 0.990 113 166
n-butyl alcohol 0.981 0.665 0.650 0.510 <QL¢ <QLe 15.2 2.70
dimethyl sulfide 5.35 1.05 2.21 0.128 <QL¢ <QL¢ 52.1 19.9
calcium 0.123 0.122 0.105 0.125 <QL9 0.0270 0.749 0.261
magnesium 0.0490 0.0500 0.0390 0.0480 <QLd 0.0180 0.729 0.131
copper 0.558 0.280 0.418 0.233 0.0245 0.0230 2.98 1.03
strontium <QL? QL9 <QL? <QL? <QL4 <QL? <QLd <QLd
iron 0.0150 <QLd 0.0110 <QLd <QLd <QL? 0.114 0.0340
cadmium <QL? <QLd <QL? <QL? <QLd <QL? <QLd <QLd

a=1,00E-2 mg 100 mL anhydrous alcohol (AA)~1. = 1.00E-3 mg 100 mL AA~L, ¢=0.100 mg 100 mL AA~%, ¢= 1.00E-2 mg 100 mL~1, € QL, quantification limit.

Table 1 summarizes in terms of average and median 1), suggesting that the producers maybe are mixing the head
concentrations as well as the highest and lowest contents thefraction in the next wine distillation (10).
analytical data for organic constituents and minerals in 115 Ethanal (acetaldehyde) is formed from the fermented raw
cachaas. The copper pot still group of caclaadgroup 1) was materials 84). It was found in higher concentration in cachac
shown to exhibit higher median concentrations for acetic acid distilled in columns. Ethanal has a low boiling point (20),
and copper, whereas in cachacdistilled in stainless steel so the head fraction, in the pot still distillation, is expected to
columns (group 2), higher median concentrations were have higher concentrations of this compound than the heart

found for ethyl carbamate, phenylmetharssdgc-butyl alcohol, fraction.

2-methyl-1-propanal- 1-butanal, 2-butenal, and ethanal. The methanol produced during fermentation derived from the
The levels of ethyl carbamate in the pot still apparatus are degradation of pectic substanc&5) presents similar median

found to be smaller than those in the columns appardtaisié concentrations in the two groups of cacasc

1). The fact that artisanal caclacwere made only from the As expected, because alembics are made of metallic copper,

heart fraction partly explains, although not always, this behavior. whereas columns have just some parts in metallic copper, the

Because urethane is more soluble in ethanol than in water, ethylcopper median was found to be higher in group 1 than in

carbamate would be more abundant in the head fraction thangroup 2.

in the other two. In addition, the fact that the head is collected  5-Hydroxymethyl-2-furfuraldehyde (5-HMF) has a boiling

in alembics at a lower temperatur®, (18) and at a lower point of 114—116°C and is very soluble in water. Therefore,

throughput than columns would favor a smaller ethyl carbamate it is described 10) to be more abundant in the heart fraction

content (9). (middle of the fraction) and tail than in the head fraction. Thus,
It was observed that the median concentration values of higher5-HMF is in general more abundant in artisanal than in industrial

alcohols (more than two carbons) were higher in group 2 than cachaes. The nonuniform heating and even overheating of the

in group 1 (except fon-butyl alcohol,Table 1). In pot still alembics would in part account for that.

products, higher alcohols are expected to be more abundantin PCA (24,26, 30) showed two distinct groups in the set of

the head fraction than in the heart fraction because they have aé82 samples (Figure 1) corresponding to the caesaaf group

relatively low boiling point and are more soluble in ethanol than 1 (55 samples) and the caclaof group 2 (27 samples). The

in water (10). When the head fraction is reused in the process,analytical results (see Supporting Information) were autoscaled

higher alcohol concentration in the heart fraction would increase. to construct the PCA correlation matrices. This procedure
Similarly to higher alcohols, ethyl acetate is expected to distill standardizes a variable according to the mean and the standard

at the beginning of the distillation because it has a low boiling deviation of the variable (31).

point and is more soluble in alcohol than in water. Highest = The sum of the three first principal components [PC1 (30.0%),

concentration was found in cacfzadistilled in pot stills Table PC2 (20.0%), and PC3 (15.0%)], which account for 65.0% of
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41 Table 2. Model for Classification of Brazilian Cachacas Derived from
Group 1 Linear Discriminant Analysis (Group 1, Cachacas Distilled in Copper
31 Pot Stills; Group 2, Cachagas Distilled in Stainless Steel Columns)
24 a correct classification
= A
3 N group 1 group 2
(=]
% t T group 1 55 2
@ group 2 0 25
04 Sample A total number of samples 55 27
total number correctly classified 55 25
14 percentage 100 92.6
“ total number of samples 82
24 . . , . i i i i total number correctly classified 80
-3 -2 -1 i} 1 2 3 4 5 correctly classified (percentage) 97.6
PC 1 (30.0%)
Figure 1. Score plot for Brazilian cachagas: group 1 (@), 27 samples,
cachagas distilled in copper pot stills; group 2 (a), 55 samples, cachagas Table 3. Cross-Validation for Classification of Brazilian Cachacas
distilled in stainless steel columns). Using the Model Derived from Linear Discriminant Analysis (Group 1,
Cachacas Distilled in Copper Pot Stills; Group 2, Cachagas Distilled in
0,74 Stainless Steel Columns)
ethy| carbamate
0,6 \ I
A correct classification
0,5+ AN methanal
phenylmethanal . L group 1 group 2
g 0,44 \\\\ \\\ S-hydrc:)iy/mééykz-furﬂlralde’hjde group 1 54 3
031 NN e e group 2 1 24
S ool NN T total number of samples 55 27
§ ’ NN P acetc aid total number correctly classified 54 24
0,1+ N -7 - percentage 98.2 88.9
0,0- total number of samples 82
total number correctly classified 78
0,14 correctly classified (percentage) 95.1
-0'2- T T T T T
-0,50 -0,25 0,00 0,25 0,50
PC1(30.0%) probably due to varying levels of acetic acid and 5-hydroxy-
Figure 2. Loading plot of PC1 x PC2 to the set of 82 samples of Brazilian methyl-2-furfuraldehyde as can be deduced from the loading
cachagas. plot shown inFigure 2. Indeed, only sample A was shown to

the total variability, was considered to be sufficient in the present high levels of these two compounds that led to a
exploratory analysis to differentiate the two groups of cagkac  discrimination of this cachacfrom the other samples. Probably,
Figure 1 presents the score plot obtained considering RC1  in sample A, the heart fraction was separated in a different
PC2. A two-dimensional plot of the objects (cachsicin the alcoholic degree from the other samples, which leads to a
space defined by the two principal components shows a naturaldifferent composition in the cacha¢see Supporting Informa-
separation of the objects into two groups. tion).

The cachaas distilled in stainless steel columns form a For the second step, LDA was applied to the data set to
separate and homogeneous group, whereas those distilled irgenerate a classification model rule (28). To study the
copper pot stills exhibit a distinct and less homogeneous group. prediction ability, the cross-validation method was applied and,
This could in part be explained by the fact that columns are subsequently, the model was tested with unknown samples. The
produced following standard industrial procedures and alembicsLDA technique was applied in a data matrix structured with

are produced mainly in homemade factori€s (8, 14). 115 rows representing cacfesc samples and 34 columns
Therefore, the designs of alembics are not always the same.corresponding to the analytical results of the chemical variables
Among the 35 analytes, superior discriminant properféguie analyzed (see Supporting Information).

2) were revealed for methanai;propanal, 5-hydroxymethyl- The results for 82 samples are presenteiable 2, the cross-

2-furfuraldehyde, ethyl carbamate, phenylmethanal, and aceticvalidation is displayed ifTable 3, andTable 4 gives the results
acid. Despite the above comments, copper ions did not exhibit obtained from checking the model with unknown samples. The
a particular relevance as a descriptor in the PCA. descriptors considered in the LDA were ethanal, ethyl carbam-
It is clear that phenylmethanal and ethyl carbamate contribute ate, dimethyl sulfide, isobutyl alcohai;propanal, copper, ethyl
significantly to characterize the samples in group 2 (loading acetate, and phenylmethanal, which discriminate cghac
plot, Figure 2), whereas methanah-propanal, 5-hydroxy-  depending on the distillation apparatus with an accuracy of about
methyl-2-furfuraldehyde, and acetic acid are characteristic of 95.1%.
the samples in group 1. It is interesting to point out that six compounds exhibited
The coefficients (loadings) of the first and second principal relevant discriminant properties in the PCA, whereas this number
componentsKigure 2) suggest that phenylmethanal and 5-hy- increases to eight using the LDA technique. Ethyl carbamate,
droxymethyl-2-furfuraldehyde are predominant features of the n-propanal, and phenylmethanal are the compounds for which
first principal component (30.0% of the total variability), discriminant properties were pointed out by the two methodolo-
whereas ethyl carbamate amgropanal predominate the second gies.
principal component (20.0% of the total variability). All samples in group 1 (copper pot stills) are classified
Only one sample from the 27 caclascof group 1 (sample  correctly (Table 2), and only two samples in group 2 (stainless
A) is found to be apparently misclassified igure 1. This is steel columns) are misclassified, leading to a discrimination with
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Table 4. Application of the Model Derived from Linear Discriminant
Analysis for Classification of Brazilian Cachagas from Unknown Origin
(Group 1, Cachacas Distilled in Copper Pot Stills; Group 2, Cachacas
Distilled in Stainless Steel Columns)

correct classification
group 1 group 2

group 1 16 0
group 2 2 15
total number of samples 18 15
total number correctly classified 16 15
percentage 88.9 100
total number of samples 33

total number correctly classified 31

correctly classified (percentage) 93.9

97.6% accuracy. The cross-validation of the LDA modeilifle
3) shows an accuray of 95.1%, showing the robustness of the
resulting model.

Application of the LDA model to the 33 unknown samples
(18 samples from group 1 and 15 samples from group 2) led to
a misclassification of only two samples in group 1 and a correct
classification of all samples in group Zdble 4).

The obtained data strongly suggest that, as described for
others spirits (1112,19—23,26—33), the chemical profiles of
Brazilian cachaas are substantially determined by the type of
distillation apparatus, either copper pot stills (homemade
cachae) or stainless steel columns (industrial cag)a€on-
sidering the sum of the three first principal components (PC1,
PC2, and PC3) and phenylmethanal, ethyl carbamate, methanal,
5-hydroxymethyl-2-furfuraldehyde, acetic acid, angropanal
as a chemical descriptors, the PCA accounts for 65.0% of the
variance of the original database. According to this analysis,
ethyl carbamate and phenylmethanal are the most important
compounds in the clustering of the samples distilled in stainless
steel columns, whereas methamepropanal, 5-hydroxymethyl-
2-furfuraldehyde, and acetic acid predominate in the samples
distilled in copper pot stills. LDA classified 93.9% of the
unknown samples correctly using ethanal, ethyl carbamate,
dimethyl sulfide, isobutyl alcoholpn-propanal, copper, ethyl
acetate, and phenylmethanal as chemical descriptors.

All of the compounds considered in the results of the PCA
and LDA except dimethyl sulfide and phenylmethanal are
currently controlled by Brazilian legislation. This study shows
the feasibility, with only minor additional effort, of the above-
described methodology application in routine analysis to
distinguish the origin of the products.
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