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Abstract

This study focuses on the determination of the chemical profile of 24 non-aged Brazilian artisanal sugarcane spirits (cachaça) 
samples through chromatographic quantification and chemometric treatment via principal component analysis (PCA) and 
Kohonen’s neural network. In total, forty-seven (47) chemical compounds were identified in the samples of non-aged artisanal 
cachaça, in addition to determining alcohol content, volatile acidity, and copper. For the PCA of the chemical compounds’ 
profile, it could be observed that the samples were grouped into seven groups. On the other hand, the variables’ bearings 
were grouped together, making it difficult to separate the components in relation to the sample groups and reducing the 
chances of obtaining all the necessary information. However, by using a Kohonen’s neural network, samples were grouped 
into eight groups. This tool proved to be more accurate in the groups’ formation. Among the chemical classes of the com-
pounds observed, esters stood out, followed by alcohols, acids, aldehydes, ketones, phenol, and copper. The abundance of 
esters in these samples may suggest that these compounds would be part of the regional standard for cachaças produced in 
the region of Salinas, Minas Gerais.
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Introduction

Cachaça is the typical and exclusive name for the sugar-
cane spirit produced in Brazil, with specific identity profiles 
established by the identity and quality standard of cachaça 
(Brasil 2005). However, this standard alone is not enough 
to establish a chemical profile capable of discriminating 
the cachaça complex matrix. The expansion of cachaça’s 

market share has been encouraging improvements, in order 
to implement stricter controls and more detailed studies 
regarding the beverage’s production process, as well as in 
improving its chemical and sensory qualities (Serafim and 
Lanças 2019).

The municipality of Salinas, Minas Gerais, in Brazil 
has been recognized as the national capital of cachaça, 
where the most coveted cachaça brands in the country are 
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produced. Salinas has the highest concentration of artisanal 
cachaça brands in Brazil with more than sixty brands and an 
estimated production of five million liters per harvest. The 
harvest moves dozens of alembics, generating income, and 
jobs for the local populace (Brasil 2018).

Artisanal cachaça is highly appreciated due to its char-
acteristic aroma and flavor, which are conferred by the pres-
ence of several compounds of the fermentative process of 
freshly extracted sugarcane juice (de Souza et al. 2009). In 
addition to ethanol and water, sugarcane sprits contain a 
lower concentration of many organic compounds, which 
are incorporated throughout the production process and are 
known as congeners. According to Serafim et al. (2016), 
cachaça can be described as a complex aqueous solution, 
consisting of water, ethanol, higher alcohols, ethyl esters, 
aldehydes, ketones, and organic acids. These substances rep-
resent less than 1% of the total compounds and are respon-
sible for cachaça’s typical sensory properties. The present 
compounds and their respective concentrations are formed, 
at different levels, due to the type of substrate, yeast strain 
used and fermentation conditions, distillation, and aging. 
According to Serafim and Lanças (2019), the demand for 
chemical analysis of beverages has been increasing, mainly 
due to the need to improve the quality standards and indus-
trial control.

Chemical profiles of artisanal cachaça could provide 
relevant information to improve their traceability, sugar-
cane cultivation practices, the yeasts used during the fer-
mentation process (“industrial” or “natural”), and even the 
alembic apparatus (copper or stainless steel) used in the 
distillation process (Serafim et al. 2016). Determination of 
specific compounds that may aid in tracking a product’s ori-
gin through fingerprint studies are in demand due to several 
marketing and economic reasons. These studies allow for a 
greater knowledge of a traditional Brazilian product, where 
its quality is paramount, according to Brazilian producers of 
artisanal cachaça, especially those from the Minas Gerais 
State (de Souza et al. 2009). Thus, by using data related to 
the cachaça’s geographical origin, it is possible to ensure 
their authenticity; it helps with the product’s traceability in 
order to guarantee their quality (Serafim et al. 2016) and to 
support the adoption of certification criteria proposed by the 
Instituto Nacional da Propriedade Industrial (INPI) (INPI — 

Selo de identificação geográfica para cachaças).
In order for a data set to be relevant, and potentially used 

in further studies, chemical analysis results are traditionally 
treated via chemometric analysis, such as principal compo-
nent analysis (PCA) or, more recently, Kohonen’s artificial 
neural networks (Ferreira et al. 2020; Novaes et al. 2017; 
Silva et al. 2019). Principal component analysis essentially 
consists of rewriting the coordinates of the samples in a 
more convenient and simplified axis system for data analy-
sis, where the main objective is to represent the variance 

present in the many variables by using a small number of 
factors (Novaes et al. 2017). However, interpretation of PCA 
results can be difficult, mainly due to the variability of the 
results found. Therefore, new data treatment approaches, 
such as Kohonen’s neural network, may be more advanta-
geous due to its ease of interpretation and visualization. A 
Kohonen’s neural network allows visualizing the sample’s 
similarities and differences through the formation of groups 
according to the similarities present. An algorithm groups 
samples considered similar according to the evaluated com-
ponents, while separating or distancing samples with little 
in common following to the same evaluation criteria (Silva 
et al. 2019).

In light of these observations, the hypothesis of our work 
follows that specific compounds could determine the prod-
uct’s origin through fingerprint studies in order to improve 
knowledge of high-quality artisanal cachaça. In addition, 
Kohonen’s neural network, an easy to understand tool with 
a friendly interface, was used to substantiate this claim. Thus 
this study aims to establish a chemical profile for cachaças 
from the region of Salinas, Minas Gerais, Brazil, via chro-
matographic quantification of data using principal compo-
nent analysis and Kohonen’s neural network.

Material and Methods

Chemicals

The analytical standards 5-methylfurfural (99%), propion-
aldehyde (97%), benzaldehyde (99%), acetaldehyde (99%), 
isovaleraldehyde (99%), furfuraldehyde (99.6%), 2,3-butan-
edione (97%), hydroxymethylfurfural (99%), ethyl hex-
anoate (99%), ethyl lactate (98%), ethyl octanoate (99%), 
ethyl decanoate (99%), ethyl carbamate (99%), 1-pentanol 
(99%), 1-butanol (99.8%), 2-butanol (99%), isoamyl alco-
hol (99%), 1-propanol (99.5%), dichloromethane (> 99.8%) 
chromatographic grade, 2,4-dinitrophenylhydrazine (99%) 
(2,4-DNPH), and deuterated anthracene (D10) all from 
Sigma-Aldrich (St. Luis, MO, USA) were used in the chro-
matographic analyses. All solutions were prepared using 
analytical grade reagents and ultrapure water (Milli-Q, Mil-
lipore, Bedford, MA, USA).

Samples

For this study, 24 samples of non-aged artisanal cachaça 
were collected in Salinas, MG, Brazil, at plants belonging 
to the Association of Artisanal Producers of Cachaça from 
Salinas (APACS). The samples were collected immediately 
after distillation in sterile glass bottles, suitable for cachaça 
storage, with a capacity of 700 mL, coded with random num-
bers from 1 to 24. The samples were then transported and 
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stored in an appropriate place, at room temperature, until the 
moment of analysis.

Analysis of Alcohol Content and Volatile Acidity

The alcohol content was determined through densitometry, 
with measurements performed at 20 °C, using a digital 
densimeter DensiMat (Gibertini, MI, Italy). The result was 
expressed as percentage by volume (%, v/v), also known as 
Gay-Lussac grade (°GL) (Brasil 2005).

Volatile acids were extracted from the samples by distil-
lation, using an Enochimic Electronic Distiller (mod. DDE, 
Gibertini, MI, Italy), with the extract being titrated with 
0.1 mol  L−1 sodium hydroxide. The results obtained were 
expressed in milligrams of acetic acid per 100 mL of anhy-
drous alcohol (ethanol) (Brasil 2005).

Determination of Volatile Organic Compounds 
in Cachaça by GC-MS

Liquid-Liquid Extraction

The liquid-liquid extraction method (LLE) was adapted from 
Cardoso et al. (2003), using 0.500 g of sodium chloride, 1.0 
mL of anthracene  (D10), 1.0 mL of dichloromethane, and 
8.0 mL of sample or standard solution. Reagents were added 
to a 15 mL glass vial, and the solution was vortexed for 10 
min at 2400 rpm and then left to stand in order to separate 
the phases (10 min). Then, 1 µL of the organic phase was 
injected into a GC-MS system. The profiles of the volatile 
compounds were obtained through the “analyte area/internal 
standard area” relationships.

Gas Chromatography Coupled to Mass Spectrometry 

Conditions

A gas chromatograph coupled with mass spectrometry 
detection (GC-MS) model QP2010S Plus (Shimadzu, Kyoto, 
Japan) was used during the experiments. The apparatus was 
equipped with automatic sampler (AOC-20i), electronic 
flow control, source of impact ionization electron with 70 
eV energy, and quadrupole type mass analyzer. The GC-MS 
chromatographic conditions were the following: injector 
temperature 240 °C, splitless injection mode for 0.75 min 
and split 1:15, temperature ramp of the column oven starting 
at 50 °C, increasing to 240 °C with a heating rate of 5 °C 
 min−1, maintaining the final temperature for 5 min. Helium 
was used as carrier gas at a flow rate of 3.08 mL  min−1, and 
the solvent cutting time was 7 min. The column used was 
made of polyethylene glycol, 60-m long × 0.25-mm internal 
diameter × 0.25-µm film thickness (DB-Wax-Agilent J&W 
Scientific, USA). The interface temperature was 240 °C and 
the ion source was kept at 200 °C. In order to identify the 

compounds present in the cachaça samples, the GC-MS 
operated in full scan mode, scanning mode (m/z from 40 
to 400), with single ion monitoring mode (SIM) being used 
to identify anthracene  (D10) (m/z = 188) and ethyl carba-
mate (m/z = 62). The retention times of the compounds were 
obtained from confirming the spectra of the various ana-
lytes using the scanning mode and by comparison with the 
National Institute of Standards and Technology (NIST) and 
Shimadzu libraries. Chromatograms and mass spectra were 
obtained with the aid of the GCMS Real Time Analysis soft-
ware, v.2.50 SU3, and the data was evaluated using GC-MS 
solutions software (Shimadzu Corporation, Kyoto, Japan).

Determination of Alcohols, Total Esters, and Total 
Aldehydes by GC-FID

The analyses for the determination of methanol, n-pro-
panol, isobutanol, isoamyl alcohol, ethyl acetate, 2-butanol, 
1-butanol, and acetaldehyde in non-aged artisanal cachaças 
were carried out in a gas chromatograph with flame ioniza-
tion detector GC-FID (Varian, model CP-3380). The volume 
of standard solution or sample injected was 2 µL. A 2.5% 
(v/v) solution of 1-pentanol was used as an internal standard 
(PI) and prepared by adding 25.0 µL of 1-pentanol in 975 
µL of a hydroalcoholic solution (40%, v/v). The chromato-
graphic conditions employed were as follows: injector in 
split mode 1:25 at 225 °C, FID detector at 280 °C, column 
initially at 50 °C for 6 min, then at 100 °C with a heating 
rate of 15 °C  min−1 and remaining at 100 °C for 6 min, then 
at 240 °C with a heating rate of 20 °C  min−1 for 7.7 min. A 
DB-Wax column (polyethylene glycol, 60-m long × 0.25-
mm internal diameter × 0.25-µm film thickness, Agilent Sci-
entific, USA) was used, and the total running time was 30 
min. Hydrogen was used as carrier gas at a rate of 0.87 mL 
 min−1. For the FID, synthetic air and hydrogen were used at 
a rate of 300 mL  min−1 and 30 mL  min−1, respectively. The 
runs were managed by the Varian Star Workstation software.

Determination of Aldehydes and Ketones 
by HPLC-DAD-MS

Derivatization

For the determination of aldehydes and ketones in the sam-
ples, 50.0 µL of formic acid and 1.0 mL of a 2,4-DNPHo 
solution (200 mg of 2,4-DNPHo in 100 mL of hydroalco-
holic solution (40 %, v/v)) were added to 4.0 mL of cachaça 
sample. The resulting solution was left to stand for 2 h for 
the derivatization reaction to be completed. After that, a 40 
µL aliquot was transferred to a vial and used for analysis in 
the HPLC-DAD-MS system. The analytical curves used in 
the quantification of aldehydes and ketones in the samples 
of non-aged artisanal cachaças were built from successive 
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dilutions of derivatized solutions with a concentration of 
100 mg  L−1 of the aldehyde and ketone standards, in a range 
between 0.25 and 7.50 mg  L−1.

High-Performance Liquid Chromatography (HPLC) 

and Detection by UV-vis Spectrophotometry with Diode 

Array (DAD) and Mass Spectrometry (MS)

The chromatographic system used was an HPLC-DAD-
MS (Shimadzu model LC-20AD) equipped with two high-
pressure pumps, a diode array detector (DAD) model SPD-
M20A, degasser model DGU-20A3, controller module 
CBM-20A, SIL-20AC self-sampler, and an ion trap (IT) 
time of flight (TOF) mass analyzer.

The separations were performed using a Phenomenex 
100A Kinetex PFP (pentafluorophenyl) column (50 mm in 
length × 2.10 mm in diameter × 2.6 µm in particle diameter). 
Ultrapure water (A) and acetonitrile and methanol (55:45, v / 
v) (B) were the solvents used as mobile phase. The injection 
volume was 10 μL. The elution gradient used was B 40% for 
13 min, linearly increasing to B 75% for 7 min, changing to B 
100% for 5 min. This mobile phase was maintained for 3 min, 
returning to B 40% for 2 min with a stabilization period of 5 
min. A flow rate of 0.2 mL  min−1 was employed during the 
analysis. The analysis total time was 35 min. Quantification 
was performed by external standardization, and, to detect the 
analytes in the DAD, a wavelength equal to 350 nm was used. 
For MS detection, the conditions of the mass spectrometer 
were as follows: curved dissolvation line interface tempera-
ture of 200 °C, nebulization gas volume  (N2) of 1.5 L  min−1, 
detector voltage of 1.7 kV, 10-ms ion acquisition time, and 80 
to 500 Da (Dalton) mass/charge monitoring range. The runs 
were managed by the LCMS Solutions software.

Copper Determination by AAS

For the determination of copper concentrations in the 
cachaça samples, an AA50 atomic absorption spectropho-
tometer (AAS) was used, with a wavelength of 324.7nm, 
a gap of 0.5nm, acetylene gas/air, and an oxidizing flame 
(hollow cathode lamp for Cu with 4mA current and D2 lamp 
for background correction). The copper content was deter-
mined by comparing the readings observed in the cachaça 
samples, with reading values referring to an analytical curve 
previously constructed in hydroalcoholic solution (40% v/v) 
in the range 0.1 to 10.0 mg  L−1. The copper content was 
expressed in milligrams of copper per liter of the sample.

Chemometric Treatment

Principal component analysis was used to evaluate the origi-
nal data obtained from the determination of 50 elements in 24 
samples, totaling a data matrix of 24 × 50 (Novaes et al. 2017). 

Kohonen’s neural networks were also used to verify the cachaça 
samples’ profiles by using the Marquardt-Levenberg algorithm, 
as recommended by Ferreira et al. (2020). The optimization of 
Kohonen’s neural network architecture, that is, to obtain the 
best number of neurons that allows for the adequate distribu-
tion of the samples, resulted in the selection of an architecture 
of 49 neurons, arranged in a 7×7 square. This configuration 
was achieved after training several network architectures with 
5 to 9 neurons. The normalization of the data was carried out to 
guarantee the same weight or significance level of the signals, 
regardless of the absolute value, and for the proper functioning 
of the algorithm. Experimental data were processed using the 
software MatLab 6.5 (MathWorks, Natick, MA).

Results and Discussion

Analysis of Alcohol Content and Volatile Acidity

Due to the importance of the constituents of cachaça for its 
classification, some physical and chemical parameters were 
evaluated. The alcoholic degree for the non-aged artisanal 
cachaça samples showed values varying from 37.8 to 48.0% 
(v/v) and can be seen in Fig. S1a. In the present study, all 
samples were below the maximum limit established (48%, 
v/v) by Brazilian cachaça legislation. Small variations in 
alcoholic content may be related to the beverage’s storage 
conditions, such as humidity, temperature, and incorrect 
cutting during the distillation stage or in the dilution of the 
product (de Miranda et al. 2007).

The evaluated samples showed a volatile acidity ranging 
from between 35 and 120 mg (100 mL anhydrous  alcohol−1), 
and out of the 24 samples analyzed, only one was outside 
this range, that is, 225.98 mg 100 mL anhydrous  alcohol−1 
(Fig. S1b). Low volatile acidity values indicate a controlled 
production process, with adequate hygiene practices, and 
low levels of bacterial contamination. Sensorially, cachaças 
with lower acidity levels receive better evaluations from con-
sumers. Analyzing 94 cachaças and commercial distilled 
spirits according to their identity and quality standards, 
maximum values  for volatile acidity were found to be 247.4 
mg 100 mL anhydrous  alcohol−1, with a minimum of 6.06 
mg 100 mL anhydrous  alcohol−1 indicating that cachaça do 
possess a great variability of chemical compositions among 
the analyzed brands, with volatile acidity being among the 
components with greater variation (de Miranda et al. 2007), 
coinciding with the similar results found in this study.

Chemical Profile of Non-aged Artisanal Cachaça 
Samples

The concentrations of acetaldehyde, ethyl acetate, metha-
nol, 2-butanol, n-butanol, and the sum of higher alcohols 
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(n-propanol, isobutanol, and isoamyl alcohol) and congeners 
found in the 24 samples of non-aged artisanal cachaças are 
shown in Table 1. Meanwhile, the concentrations of for-
maldehyde, acrolein, 2,3-butanedione, furfuraldehyde, 
acetone, propionaldehyde, and benzaldehyde are described 
in Table 2. The chemical profile of the volatiles present in 
the samples was analyzed through gas chromatography cou-
pled to a mass spectrometer. Figure S2 shows the chroma-
tographic profile of a sample of non-aged artisanal cachaça 
(A12) obtained by GC-MS in scanning mode, in which 15 
compounds belonging to different classes of chemical com-
pounds were identified. Among the esters, ethyl hexanoate, 
ethyl lactate, ethyl decanoate, and ethyl carbamate were 
quantified using GC-MS. The concentrations of these esters 
are shown in Table 3.

Based on these observations, a total of forty-seven (47) 
chemical compounds were identified in non-aged artisanal 
cachaça samples. Table 4 lists alcohol content, volatile 

acidity, the 47 chemical compounds, and copper found in 
the samples, identified by all analytical methods with their 
respective chemical structures. In order to verify if there 
were similarities between the samples and the components 
listed in Table 4, a data matrix containing alcohol content, 
volatile acidity, all identified chemical compounds, and cop-
per was made for PCA in all 24 samples. For the PCA of the 
chemical compounds profile (self-scaled data), it was found 
that eighteen main components (PC) were necessary to 
explain 97.69% of the data variability. Figure S3 represents 
the score graphs, that is, the distribution of samples (A) 
and bearings, the distribution of variables (B) in the PCA 
for data on alcohol content, volatile acidity, chemical com-
pounds, and copper from the non-aged artisanal cachaças. 
It could be observed through the analysis of Fig. S3, in the 
score graph, the formation of seven groups of samples and 
in the variables’ bearings were grouped in a single group, 
making it difficult to separate the components in relation 

Table 1  Concentration of ethyl acetate, acetaldehyde, methanol, 
2-butanol, n-butanol, the sum of higher alcohols (n-propanol, isobu-
tanol, and isoamyl alcohol), total esters, and the sum of congeners 

found in the 24 samples of non-aged artisanal cachaças from Salinas, 
MG, Brazil, by using GC-FID

* Bold compound contents indicate samples that do not comply with Brazilian law (Brasil 2005). AA anhydrous alcohol. * Congeners: sum of 
volatile acidity, aldehydes, total esters, higher alcohols, and furfural + hydroxymethylfurfural

Samples Ethyl acetate 
(mg/100mL of 
AA)

Total acet-
aldehyde, 
(mg/100mL of 
AA)

Methanol 
(mg/100mL of 
AA)

2-Butanol 
(mg/100mL of 
AA)

n-Butanol 
(mg/100mL of 
AA)

Σ higher 
alcohols 
(mg/100mL of 
AA)

Total esters 
(mg/100mL of 
AA)

Σ Congeners 
(mg/100mL of 
AA)*

A1 27.25 38.48 18.96 9.52 1.04 320.21 49.23 443.02

A2 31.49 20.10 5.56 0.07 31.14 210.15 67.15 324.42

A3 55.17 14.39 2.08 0.19 0.67 244.13 67.09 365.62

A4 23.24 19.26 5.28 ND 0.71 250.29 44.55 342.28

A5 48.16 78.87 24.06 ND 1.37 261.70 97.54 459.08

A6 60.36 20.69 1.18 0.36 4.46 243.66 71.65 441.17

A7 17.84 21.79 5.90 ND 0.51 209.34 24.67 297.43

A8 21.37 21.21 5.77 ND 0.82 239.30 33.25 333.03

A9 22.86 15.44 1.86 ND 0.90 241.17 59.41 330.61

A10 22.07 27.26 10.99 ND 0.43 220.70 33.17 321.64

A11 32.24 20.27 2.72 ND 12.30 292.46 41.28 416.34

A12 36.55 18.23 2.89 3.40 1.14 256.99 46.51 375.12

A13 23.76 28.61 1.37 ND 0.67 184.38 37.47 287.37

A14 20.19 7.54 1.88 ND 0.46 160.81 30.25 237.17

A15 26.06 58.09 1.01 ND 1.44 268.99 29.02 386.98

A16 61.95 20.80 3.13 0.11 1.21 344.77 117.19 499.04

A17 150.18 18.00 1.31 0.28 2.72 200.90 163.04 517.18

A18 44.50 14.81 1.71 ND 0.63 202.58 48.38 355.42

A19 29.72 15.60 1.75 ND 0.43 212.00 45.10 317.12

A20 46.17 28.55 8.65 0.51 0.33 205.55 67.26 352.41

A21 40.39 8.01 0.20 0.40 0.40 164.12 61.61 286.09

A22 28.72 16.98 5.49 0.21 0.65 303.29 68.08 411.47

A23 32.21 20.33 5.30 ND 0.57 209.04 61.34 336.13

A24 38.39 24.27 9.97 0.19 0.96 406.67 78.29 526.41
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to the groups formed. It was also possible to verify that the 
sum variance percentages remain around 25% (PC1 + PC2), 
which would be considered very low. This implies that in 
order to be able to fully interpret the data, combinations of at 
most three main components would have to be plotted. This 
process would make data interpretation difficult, with few 
chances of obtaining all the necessary information, as this 
procedure can be quite time-consuming. In order to solve 
this problem, other chemometric tools can be used, such as 
Kohonen’s neural network, which allows for a very friendly 
assessment, since it works with only two axes in space (two-
dimensional space).

Figure 1 shows the distribution profile of the 24 sam-
ples of non-aged artisanal cachaça after treatment with 
the Kohonen’s neural network algorithm. In this case, the 
evaluated parameters were alcohol content, volatile acidity, 
copper; but also chemical compounds from samples with 
chromatographic peaks that were identified according to the 
NIST library with probabilities above 98% were considered 
(Table 4); signals that were confused with instrumental noise 
were discarded. The data was normalized, and the neural 

network distributed the samples into eight groups (Fig. 1). 
In order to identify which components influenced the dis-
tribution of the samples, the individual distribution map 
of the variables employed in the treatment by Kohonen’s 
network was used. The numerical index indicates the com-
ponents listed in Table 4. The distribution map of the vari-
ables is shown in Fig. 2. Through the joint observation of 
the samples’ map (Figure 1) and the identification of the 
components that make up the map of variables (Figure 2), 
we can corroborate the similarities and differences between 
the cachaças pointed out by Kohonen’s map.

Based on the component analysis of Kohonen’s neural 
network, it was possible to visualize the identification of 
several types of substances such as alcohols, esters, alde-
hydes, ketones, and organic acids as the main responsible 
for the groups established in Fig. 2. To assess the neu-
ral network, it is necessary to observe the position of the 
neuron in the map of the variables (Fig. 2) and contrast 
with the position of the sample in the group (Fig. 1). The 
same positioning in the network indicates the presence 
or absence of the component or compound under study, 

Table 2  Concentration of formaldehyde, acrolein, 2,3-butanedione, furfuraldehyde, acetone, propionaldehyde, and benzaldehyde found in the 24 
samples of non-aged artisanal cachaças from Salinas, MG, Brazil, region by using HPLC-DAD-MS

LD detection limit of 10 µ  L−1. ND not detected. AA anhydrous alcohol

Samples Formaldehyde 
(mg/100mL of 
AA)

Acrolein 
(mg/100mL of 
AA)

2,3-Butanedione 
(mg/100mL of 
AA)

Furfuraldehyde 
(mg/100mL of 
AA)

Acetone 
(mg/100mL of 
AA)

Propionaldehyde 
(mg/100mL of 
AA)

Benzaldehyde 
(mg/100mL of 
AA)

A1 0.23 0.48 0.02 0.29 ND

A2 0.04 ND 0.72 0.53 0.02 ND

A3 0.08 0.04 0.65 1.65 0.05 ND ND

A4 0.11 ND 0.79 0.67 ND

A5 ND 0.37 ND ND ND ND

A6 0.01 0.10 0.53 0.87 0.12 ND ND

A7 ND 1.38 ND ND ND ND ND

A8 0.16 ND 1.08 0.07 ND ND ND

A9 ND ND 0.29 0.18 ND ND 0.45

A10 ND ND 1.02 0.03 ND ND

A11 ND ND 1.35 0.05 ND 0.48

A12 0.13 ND 0.29 0.12 0.13 0.11 ND

A13 ND 0.71 ND ND ND 0.43

A14 0.57 ND 0.41 ND ND

A15 ND ND 1.42 ND ND ND 0.45

A16 ND 0.52 0.02 ND ND

A17 ND 0.23 0.11 0.18 ND 0.14 ND

A18 ND 0.45 0.14 ND ND

A19 ND 0.94 0.15 ND ND

A20 ND ND 0.97 0.19 ND ND ND

A21 ND 0.06 1.26 ND ND

A22 1.31 ND 0.24

A23 ND 0.71 0.35 ND ND ND

A24 0.02 ND 1.10 0.06 ND ND
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which is given by the intensity indicated by the sidebar. 
The greater intensity of each component is indicated by 
the higher value of the sidebar, identified by the red color 
on the maps. Thus, cachaça samples can be combined into 
sets, which can be characterized in terms of composition 
and similarities.

In the sample distribution profile (Fig. 1), group I consists 
of sample A24, which presented specific compounds, which 
influenced this sample only (Fig. 2), thus contributing to it 
being distinguished from the others: ethyl octanoate (10), 
diethyl succinate (19), ethyl hexanoate (33), isoamyl alco-
hol (42), and acrolein (44). The octanoate (10) and ethyl 
hexanoate (33) have odors described as “fruity” and “apple 
peel,” respectively. In addition, after distillation, the freshly 
distilled beverage undergoes a state of equilibrium in its 
components, characterized by a decrease in diethyl succinate 
(19), which is associated with the balsamic aroma (Madrera 
et al. 2011).

Isoamyl alcohol (3-methyl-1-butanol) (42), a constituent 
of higher alcohols, is relatively common in alcoholic bever-
ages, being dominant in beverages such as cachaça (Moreira 

et al. 2012). Nonato et al. (2001) describe that in terms of 
odor, 3-methyl-1-butanol can be characterized as an odor of 
“whiskey” and “malt,” in addition to “alcoholic,” “wine,” 
“banana,” and “sweet.” However, acrolein was also found 
in this group, which impairs the drink’s quality. Acrolein 
(2-propenal) (44) is formed during cachaça’s fermentation 
process and, in wines, can also be associated with the pres-
ence of thermofermentative bacteria (Bacillus amaracrylus 
and Lactobacillus colinoides) (de Azevêdo et al. 2007). Acr-
olein has stood out among the aldehydes, because in addition 
to the toxic effects associated with its presence, it also influ-
ences the aroma of cachaça, which is usually described as 
an unpleasant “rancid” odor. Its presence is also associated, 
in beverages, with the smell of pepper, its strong pungent, 
its penetrating odor, as well as its bitter taste (Zacaroni et al. 
2011).

Despite being more intense in sample A24 (group I), ana-
lytes 1-hexanol (9), hexanoic acid (22), octanoic acid (25), 
decanoic acid (29), and isobutanol (40) were decisive for the 
approximation with group IV. Octanoic (25) and hexanoic 
(22) acids are present in the formation of their respective 

Table 3  Concentration of ethyl hexanoate, ethyl lactate, ethyl octanoate, ethyl decanoate, ethyl carbamate, and copper found in the 24 samples of 
non-aged artisanal cachaças from Salinas, MG, Brazil, region by using GC-MS

* Bold compounds content indicate samples that do not comply with Brazilian law (Brasil 2005). AA anhydrous alcohol. ND Not detected

Samples Ethyl hexanoate 
(mg/100mL of AA)

Ethyl lactate 
(mg/100mL of AA)

Ethyl octanoate 
(mg/100mL of AA)

Ethyl decanoate 
(mg/100mL of AA)

Ethyl carbamate 
(mg/100mL of AA)

Copper 
(mg  L−1)

A1 0.05 20.92 0.14 0.87 357.8 2.45

A2 0.09 33.58 0.35 1.64 237.03 5.30

A3 0.08 10.11 0.27 1.46 ND 2.57

A4 0.10 18.58 0.51 2.12 ND 2.66

A5 0.17 47.70 0.43 1.07 1455.23 5.63

A6 0.09 9.34 0.32 1.54 ND 9.70

A7 0.05 5.81 0.18 0.80 728.09 1.55

A8 0.06 9.67 0.25 1.90 126.87 1.28

A9 0.07 34.57 0.27 1.64 769.99 3.40

A10 0.02 10.68 ND 0.40 96.31 3.60

A11 0.03 8.54 ND 0.47 118.91 5.65

A12 0.04 8.81 0.14 0.97 444.69 3.31

A13 0.04 12.78 0.12 0.77 91.39 5.30

A14 0.04 9.00 0.15 0.88 327.26 4.07

A15 0.03 2.31 ND 0.62 ND 5.03

A16 0.06 53.77 0.20 1.20 ND 2.23

A17 0.08 11.43 0.24 1.11 ND 3.07

A18 0.05 2.85 0.14 0.85 124.45 6.26

A19 0.11 13.83 0.29 1.14 349.13 4.24

A20 0.06 20.36 0.11 0.56 108.37 1.98

A21 0.07 20.43 0.16 0.57 260.48 2.76

A22 0.06 37.99 0.17 1.15 208.93 1.35

A23 0.05 27.68 0.17 1.22 210.14 1.91

A24 2.05 20.78 4.07 13.01 913.07 5.30

896 Food Anal. Methods  (2022) 15:890–907



ethyl octanoate esters (derived from octanoic acid and etha-
nol) and ethyl hexanoate (hexanoic acid and ethanol). In 
cachaças from different regions of Brazil, it was found that 
among the volatile acids present in greater quantities in 
cachaças, octanoic and acetic acids were the most prominent 
(do Nascimento et al. 1998). Nóbrega (2003) found amounts 
of hexanoic acid in various types of cachaça that could jus-
tify the high concentration of it. Hexanoic acid is responsible 
for an unpleasant “pungent” odor that resembles cheese.

Alcohols appear both among the striking compounds and 
those that have little influence on group I. Sugarcane spirits 

manufactured in alembics have high amounts of higher alco-
hols, which can be used as a quality indicator for spirits. 
Isobutanol (2-methyl propanol) (40), isoamyl, and n-propyl 
alcohols constitute higher alcohols, the largest group among 
the aromatic components, which have a significant effect 
on the sensory characteristics of beverages. Also, 1-hexanol 
(9) is reported in literature as a compound that produces 
important aromatic responses in alcoholic beverages, such 
as cachaça and rum (Pino et al. 2012). Soares et al. (2011) 
reported that this compound is produced by yeasts, but the 

Table 4  Variables alcoholic 
degree, volatile acidity, 
chemical compounds, and 
copper found in the 24 samples 
of non-aged artisanal cachaças 
from Salinas, MG, Brazil, 
region used in the treatment by 
the Kohonen neural network

Compone

nt

tR 

(min)

Identification
Ion 

(m/z)
Chemical structure

DENSITOMETRY

1 NA alcoholic degree NA NA

VOLUMETRY

2 NA volatile acidity NA NA

GC-MS

3 9.739
5-hydroxy-2-

methyl-3-hexanone
43

CH3

OH

O

CH3

CH3

4
10.02

1

3-methyl-3-buten-

1-ol
41

OHCH3

CH2

5
10.93

0
isopropyl myristate 45

CH3 O CH3

CH3
O

6
11.58

0
2-heptanol 45

OH CH3

CH3

7
11.78

7

3- (methyl) -1-

pentanol
56

CH3
OH

CH3

8
12.21

2
ethyl lactate 45

OH

O CH3

O

CH3

9
12.40

0
1-hexanol 56 OHCH3

10
14.25

4
ethyl octanoate 88

O

CH3 O CH3

11
14.72

0
acetic acid 43

CH3 OH

O
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amount produced varies with the fermentation conditions, 
the genus, species, and, probably, with the strain used.

Regarding the compounds that determine this sample’s 
allocation (A24) and unique characteristics, the presence 
of three esters, three acids, and the same number of alco-
hols can be noted, all of which are important compounds 
for cachaça’s sensory quality. On the other hand, acrolein 
is also in this group which impairs the product’s quality. It 

is important to highlight that most of this study’s identified 
esters were found in sample 24, while the acids were more 
well distributed among the sample groups. It was possible to 
observe for sample 24 that the compounds related to it, apart 
from acrolein, are highly desirable as they produce essen-
tial and desirable aromatic responses in alcoholic beverages, 
which qualified the cachaça positively.

Table 4  (continued)

12
15.04

8
propanoic acid 45

CH3

OH

O

13
15.40

8

methyl 2-hydroxy-

4-methylvalerate
43

CH3 OH

O

CH3
O

CH3

14
17.07

1
lactic acid 45

CH3

O

OH

OH

15
17.40

1

caprylic alcohol (1-

octanol)
41

CH3O

OH

O CH3

CH3

16
17.71

2
isoamyl octanoate 70

O

CH3 H3

CH3

17
17.93

3
2,3-butanediol 45

CH3

CH3

OH

OH

18
19.22

5
ethyl decanoate 88

O

CH3 H3

19
20.15

9
diethyl succinate 101

O

O

CH3 O

O CH3

20
21.20

0

3 (methyl-thio) -1-

propanol 

(methionol)

106
OH S

CH3

21
23.87

6
ethyl dodecanoate 88

O

CH3

O C

O C

O CH3

22
24.04

4

caproic acid 

(hexanoic acid)
60

O

CH3 OH
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Sample A12 was located close to the network’s center 
in Fig. 1, and alone constitutes group II. The compounds 
3-methyl-3-buten-1-ol (4), ethyl tetradecanoate (24), hexa-
decanol (30), butyl butyrate (32), formaldehyde (43), and 
propionaldehyde (48) were responsible for its distinction 
in regarding the other samples (Fig. 2). 3-Methyl-3-buten-
1-ol (4) alcohol is reported as a minor aromatic component 
in several alcoholic beverages produced by fermentation 

(Madrera et al., 2011), but its sensory descriptor does not 
appear in the literature. Hexadecanol (30) present in spir-
its and cachaças is a minor compound that can be formed 
during the fermentation and distillation processes and has 
an important role in the beverage’s sensory characteristics, 
that is, aroma, taste, and flavor (Penteado and Masini 2009). 
Among the minor alcohols found, hexadecanol has obtained 

Table 4  (continued)

23
25.42

0

phenylethyl

alcohol (2-phenyl

1-ethanol)

91

OH

24
28.10

0

ethyl 

tetradecanoate
88

O

CH3 H3

25
28.40

5

caprylic acid

(octanoic acid)
60

O

CH3 OH

26
30.91

2

2-methoxy-4-

vinylphenol
135

CH2

CH3
O

OH

27
31.96

2

ethyl 

hexadecanoate
88

O

CH3

O C

O CH3

28
32.20

8

4-

trifluoroacetoxyoct

ane

69 F
F

F

O

O

CH3

CH3

29
32.38

1
decanoic acid 60

O

CH3 OH

30
34.16

4
Hexadecanol 43

CH3 OH

31
36.70

0

methyl

octadecanoate
67

O

CH3

32
38.72

1
butyl butyrate 149

O

CH3

CO H3

O CH3
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a prominent place in the composition of cachaças due to its 
high concentration (Moreira et al. 2012).

The presence of two esters in group II was also 
observed, one acts as a marker while the other is influ-
enced by its closeness to group I. Ethyl tetradecanoate (24) 
was found in relatively low concentrations in brandy in the 
work of Nóbrega (2003) and was described as important 
for its aromatic composition. Meanwhile, butyl butyrate 

(32) contributes as an important “pineapple” flavor and 
aroma for the food and beverage industries (Varma and 
Madras 2008). In the literature, it is described as an impor-
tant volatile compound of alcoholic beverages such as 
apple wine (Wang et al. 2004), but there are no reports 
regarding cachaça. However, due to its sensory descrip-
tion, the presence of this compound became irrelevant.

Table 4  (continued)

33 9.224 ethyl hexanoate 88

O

CH3 O CH3

34
20.25

7
ethyl carbamate 88

O

CH3 O NH2

GC-FID

35 3.720 acetaldehyde NA
OCH3

36 5.245 ethyl acetate NA

O

CH3 O CH3

37 5.502 methanol NA
OH

CH3

38 8.289 2-butanol NA

CH3

CH3

OH

39 8.602 n-propanol NA CH3

OH

40
11.41

4
isobutanol NA

CH3

CH3
OH

41
13.90

5
n-butanol NA CH3 OH

42
14.49

1
isoamyl alcohol NA

CH3

CH3 OH

HPLC-DAD-MS

43 3.461 formaldehyde NA

OH

H

44 5.387 acrolein NA
O

CH2

45 7.951 2,3-butadione NA

O

O

CH3
CH3
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Table 4  (continued)

46 7.529 furfuraldehyde
275.04

2

OO

47
10.07

9
acetone NA

O

CH3CH3

48 8.554 propionaldehyde NA

O

CH3

49
17.93

4
benzaldehyde 17.809

O

AAS

50 NA copper NA Cu
2+

(*) NA not applicable. tR(min) retention time in minutes

Fig. 1  Distribution profile of 
the 7 × 7 architecture used in 
the treatment of samples by 
Kohonen’s network

901Food Anal. Methods  (2022) 15:890–907



Group II was marked by the presence of two aldehydes, 
critical in differentiating the sample. Aldehydes are com-
pounds that, depending on their concentration, can con-
tribute positively or negatively to the sensory quality of 
cachaça. Formaldehyde (43) and propionaldehyde (48) are 
aldehydes known to decrease the quality of cachaças, as they 
modify the product’s flavor and aroma (Capobiango et al. 
2013). Formaldehyde is noteworthy due the toxic effects 
associated with the aldehyde class and its influence on the 
beverage’s aroma, being associated with a “pungent” and 
“suffocating” odor (Moreira et al. 2012).

Sample 12, which forms group II (Fig. 1), despite con-
taining aldehydes considered to be undesirable at high 
intensities, has other compounds associated with a pleasant 
aroma. Thus, it is possible to infer that the balance between 
the substances that compose a sample is essential for its 
characterization, not just the compounds themselves, which 
allowed it to be positively qualified. In addition, the pres-
ence of two determinant alcohols in this group allowed the 
approximation with group III, hexadecanol (30), and with 
groups I, IV, and V, 3-methyl-3-buten-1-ol (4).

In group III, samples A1 and A5 showed a similar chemi-
cal profile (Fig. 1) and were distinguished from the others 
due to the presence of 3-(methyl) 1-pentanol (7), ethyl lac-
tate (8), methyl 2-hydroxy-4-methylvalerate (13), lactic acid 
(14), caprylic alcohol (15), ethyl decanoate (18), ethyl carba-
mate (34), acetaldehyde (35), methanol (37), 2-butanol (38), 
acetone (47), and copper (50) (Fig. 2). Literature describes 
3-(methyl)-1-pentanol (7) as an important compound on the 
aroma of a cashew-based alcoholic beverages (Garruti et al. 
2003), and 2-hydroxy-4-methylvalerate of methyl (13) is an 
important volatile component of soursop (Pino et al. 2002). 
In addition, trace amounts of ethyl decanoate (18) can be 
found in fermented beverages such as wine, beer, French 
cognac, and Scotch whisky, but they are identified as strong 
contributors to the aroma and flavor of these beverages (da 
Silva et al. 2008). Its presence in several beverages comes 
mainly as the result of the yeast metabolism during the fer-
mentation process, which is also applied to cachaça, creat-
ing ester compounds associated with pleasant fruit notes. 
The specific odor of ethyl decanoate has been reported 
as “grape.” Thus, the composition of methyl 3-(methyl)-
1-pentanol (7), 2-hydroxy-4-methylvalerate (13), and ethyl 
decanoate (18) in samples A1 and A5 may be related to the 
aromatic fruit characteristics in these samples.

Lactic acid (14), a non-volatile, odorless, mild-tasting 
organic acid, is present in many foods, either naturally or 
as a fermentation by-product, and is one of the main inter-
mediates of metabolism in several organisms. Lactic acid is 
usually associated with contamination by lactic acid bacteria 
in beverages such as cachaça (Serafim et al. 2011). Mean-
while, ethyl lactate (8) has been associated with contamina-
tion by Lactobacillus spp. which is responsible for lactic 

fermentation. The most likely sources of contamination 
would be raw materials (e.g., sugarcane, yeast, water) or the 
distillation apparatus itself (Moreira et al. 2012). It is pos-
sible that ethyl lactate has some positive contribution to the 
taste and aroma of alcoholic beverages and will contribute 
positively to the aroma of cachaça; however, at relatively 
high levels, along with its low sensation threshold, it can 
certainly mask other aromas present in the beverages (Nas-
cimento et al. 2009).

The presence of acetaldehyde (35), the main aldehyde 
associated with alcoholic fermentation, originates from 
distillation processes in which the “head” fraction of the 
beverage is not adequately separated. It has a pungent odor 
when concentrated and fruit notes when diluted. Its content 
can be minimized by avoiding aeration at the end of the 
fermentation (Moreira et al. 2012). In addition, ethyl car-
bamate (34) present in this group of samples has been the 
target of frequent concern for cachaça producers due to its 
carcinogenic potential. In recent years, several studies have 
been conducted, focusing on the causes of the formation of 
ethyl carbamate. They have found that its production occurs 
naturally in distilled beverages, before, during, and after the 
distillation stage via the reaction of ethanol with some nitro-
gen compounds (Serafim and Lanças 2019).

In this group (III), it is also important to highlight the 
presence of 13 compounds, out of which 11 are specific and 
did not influence the other groups. The presence of copper 
(50) is more accentuated in sample A15 of group VI, and 
while isoamyl octanoate (16) was also detected in this group, 
its greatest intensity is related to group V. Regarding the 
chemical classes, a great diversity was observed among the 
compounds that influence this group (III), with five esters, 
four alcohols, an aldehyde, a ketone, a metal, and an organic 
acid. It is important to note that group III (Fig. 1) stood out 
for bringing together the largest number of compounds with 
high intensities associated with it, despite containing only 
two samples. Among the compounds, the presence of ethyl 
carbamate, acetaldehyde, and methanol with relevant inten-
sity in relation to the other groups may indicate loss of qual-
ity of these samples in relation to the others, since higher 
levels of these compounds are considered undesirable.

In group IV, samples A3, A4, and A6 were in the same 
neuron (Fig. 1), which indicates that they have an analo-
gous profile. The compounds responsible for this formation 
correspond to ethyl dodecanoate (21), phenylethyl alcohol 
(23), and furfuraldehyde (46) and ester, an alcohol, and an 
aldehyde, respectively. These compounds stood out in rela-
tion to the others, due to their accentuated presence in these 
samples, which allowed them to be distinguished from the 
others. Ethyl dodecanoate (21) has had its contribution to 
alcoholic beverages supposedly due to its texture (oiliness) 
rather than the “plant leaf” aroma as has been described. 
Phenylethyl alcohol (23) is a product of yeast metabolism 
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and used as an indicator of the fermentation process, in 
addition to being identified as one of the minor alcohols in 
cachaça (Boscolo et al. 2000). In addition, Coelho (2010) 
reported that floral nuances in an alcoholic beverage may 
come from derivatives of phenyl compounds, such as phe-
nylethyl alcohol, more than from other compounds, and 
that the concentration of this alcohol may increase during 
distillation. Meanwhile, furfuraldehyde (46), a product of 
the degradation of pentoses from thermal dehydration of 
glycides, tends to have penetrating odors, which are gen-
erally nauseating and can negatively impact the taste of 
alcoholic beverages. They are considered toxic to humans 
and are associated with the unpleasant effects of excessive 
consumption of alcoholic beverages (symptoms of intoxi-
cation). Among these symptoms, nausea, vomiting, agita-
tion, sweating, confusion, and headaches can be highlighted 
(Moreira et al. 2012). It is worth noting that the compounds 
3-methyl-3-buten-1-ol (4), 1-hexanol (9), hexanoic acid (22), 
octanoic acid (25), decanoic acid (29), and isobutanol (40) 
were important for the group’s location and proximity to 
group I (Fig. 2).

Group V of Fig. 1 contains samples A2, A7, A8, A9, 
A11, A18, A20, A22, A23, A14, and A19, the last two sam-
ples having very similar chemical profiles and allocated in 
the same neuron. The group’s distribution was marked by 
the presence of 5-hydroxy-2-methyl-3-hexanone (3), propa-
noic acid (12), isoamyl octanoate (16), succinic acid (19), 
3 (methyl-thio)-1-propanol (20), 2-methoxy-4-vinylphenol 
(26), and benzaldehyde (49) (Fig. 2). 5-Hydroxy-2-methyl-
3-hexanone (3) is a ketone that has been identified as an 
aromatic compound in bananas, while propanoic acid (12) 
is responsible for the characteristic smell of Swiss cheese 
(Selli et al. 2012). Propanoic and succinic acids are among 
organic acids, secondary compounds that are formed during 
the wort fermentation stage. These exert a strong influence 
on the quality and sensory properties of beverages and on the 
stability during the fermentation stage (Serafim et al. 2011).

Isoamyl octanoate (16) or 3-methyl-1-butyl is an ester 
easily found in cachaça, however, in small concentrations 
(Moreira et al. 2012). Meanwhile, Simões et al. (2009) 
describe 3 (methyl-thio)-1-propanol (20) as being present 
in the aroma of apple ciders. Vinylguaiacol, also known as 
2-methoxy-4-vinylphenol (26), is a compound normally 
observed in several types of wines, beer, whisky, and non-
alcoholic beverages, such as fruit juices and coffee, and is 
sensorially described as a “condiment.” De Souza et al. 
(2006) were able to identify vinylguaiacol in cachaça sam-
ples and described the compound as having an active odor. 
The presence of benzaldehyde (49) and formaldehyde (43) 

in beverage may be related to the type of sugarcane, fer-
mentation process, distillation method, and aging (Vilela 
et al. 2007). In general, these compounds have penetrating 
odors, usually nauseating, which are considered undesirable 
for cachaças (Moreira et al. 2012).

Despite being samples from different producers, it was 
observed that this group represents 45.83% of the samples 
studied in the present work, indicating great similarity 
between the samples produced in the region. It is also impor-
tant to note that a small number of compounds were related 
to the group and that among them, there is no recognized 
positive aroma markers of cachaça such as major esters and 
higher alcohols. Thus, group V was marked by the presence 
of two acids, a phenol, an alcohol, an aldehyde, and a ketone, 
crucial in the differentiation of the samples; two esters, one 
of which is a group marker and the other influenced the 
approximation to group I.

Sample A15 formed group VI (Fig. 1) and was marked 
by the presence of isopropyl myristate (5), 4-trifluoroace-
toxyoctane (28), N-propanol (39), 2,3-butanedione (45), 
and copper (50) (Fig. 2). Isopropyl myristate (5) has been 
referred to as a characterization compound of wine volatiles 
and is described as having a mild oily aroma, being reported 
as a solvent for fragrances (Welke et al. 2012). 2,3-Butanedi-
one (45), an important compound for the taste of alcoholic 
beverages, makes an important contribution to the taste of 
beer, red wines, and distilled beverages such as whiskey and 
rum (Janzantti, 2004), giving the beverage an aroma similar 
to “butter.” In general, ketones are not considered harm-
ful. However, prolonged inhalation of these compounds can 
cause irritation of the mucous membranes, headaches, con-
fusion, and narcotic effects and can also lead to a coma. In 
studies on ketones of sugarcane spirits, 2,3-butanedione was 
the major ketone, followed by acetone (Cardoso et al. 2003).

This group was strongly influenced by copper (50) which 
assumes great importance in the final quality of artisanal 
cachaça, since it is generally produced in copper alembics, 
which gives the product better quality when compared to 
alembics made with other materials (Lima et al. 2009). 
According to Odello et al. (2009), the improved sensory 
characteristics of cachaça produced in copper alembics 
come from the reduced amount of volatile sulfur compounds 
in the distillate and, therefore, the unpleasant typical odor 
sulfides. Lima et al. (2009) reported that copper excess can 
be reduced with the appropriate cleaning of the alembic or 
through the removal of the head and tail fraction of the bev-
erage, without affecting the ethanol yield and the quality of 
the beverage. In addition, the presence of copper made it 
possible to approximate this group with group III and group 
VIII, with its presence being highlighted in the samples 
located to the right of the neural network (Fig. 1). Thus, 
group VI was marked by the presence of two esters, a ketone, 

Fig. 2  Distribution maps of individual variables used in the treatment 
by Kohonen’s network. The numerical index indicates the evaluated 
components, which are listed in Table 4

◂
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an alcohol, and copper, all determinants in the differentiation 
of the sample.

Samples A21 and A17 presented similar chemical profiles 
and formed group VII (Fig. 1). It can be observed that this 
group had many compounds with lower intensities, indi-
cated by the lower value of the sidebar and identified by 
the blue color on the maps (Fig. 2). The compounds identi-
fied in these samples were only related to this group (VII) 
and are represented by volatile acidity (2), acetic acid (11), 
and ethyl acetate (36), which are considered very important 
components for the quality of cachaça (Nascimento et al. 
2008). Volatile acidity expresses the content of organic acids 
while acetic acid is found in alcoholic beverages in greater 
concentrations than other acids. Regarding volatile acidity 
(2), studies indicate that cachaças with lower acidity lev-
els are better accepted by consumers. Acetic acid is also an 
extremely important compound for the quality of sugarcane 
spirits, since it is the major acid found in this type of bev-
erage, with a concentration ranging from 90 to 93% of the 
total acid content, having a great influence on the taste and 
aroma, and also being related to a penetrating and irritating 
odor, more commonly described as vinegar odor (Moreira 
et al. 2012). Ethyl acetate (36), which also differentiates this 
group, is identified as the most present ester in cachaça sam-
ples. This ester is derived from ethanol and acetic acid and, 
like most esters, is correlated with freshness and fruity notes 
(Nascimento et al. 2008).

Group VIII in Fig. 1 consists of samples A6, A10, and 
A13, which have the same equivalent profile. The param-
eters responsible for this formation were alcohol content (1), 
2-heptanol (6), 2,3-butanedione (17), ethyl hexadecanoate 
(27), and methyl octadecanoate (31) (Fig. 2). 2-Heptanol 
(6) is part of the alcohols described as minor in the lit-
erature regarding the composition of volatile compounds 
found in spirits such as rum and cachaça, being described 
as the aroma of “cheese” (Duarte et al. 2011). Meanwhile, 
2,3-butanedione (17) is the product of the reduction of dia-
cetyl (2,3-butanedione) under normal conditions during 
the maturation of alcoholic beverages (Biazon 2008). On 
the other hand, ethyl hexadecanoate (27) is a minor ester 
described in cachaça (Nóbrega 2003) characterized by a 
strong fruity aroma. Copper (50) also influenced the dif-
ferentiation of this group (Fig. 2).

In light of these observations, quantitative and qualitative 
variations between cachaça samples were observed. Among 
the chemical classes of the evaluated compounds, esters 
stood out, followed by alcohols, acids, aldehydes, ketones, 
phenols, and copper. This behavior differs from the work of 
Janzantti (2004), where alcohols were considered the most 
abundant chemical class in most commercial cachaças. The 
abundance of esters in the samples analyzed in the present 
study may suggest that these compounds could be a dif-
ferential of the samples produced in this region and could 

be considered as quality markers for non-aged artisanal 
cachaças from the region of Salinas, MG, Brazil.

Finally, no analytical signals of the 5-methylfurfural, 
5-hydroxymethylfurfural (HMF), and isovaleraldehyde 
compounds were found in any of the 24 analyzed samples. 
The appearance of HMF and furfural has been associated 
to sugarcane burning during the distillation, predominantly 
appearing at trace levels in alembics, depending on the 
type of heating used in the process (Faria et al. 2003). The 
absence of these compounds in the samples evaluated by 
this study may indicate that such practices have not been 
performed in the region where the samples were produced, 
which probably gives them superior quality, considering that 
higher concentrations of these analytes in alcoholic bever-
ages are undesirable.

Conclusion

With what is known about cachaça composition, it will be 
possible to propose better techniques to control and inspect 
the beverage. In addition, it will be possible to guarantee to 
the consumer that the product they are buying is free from 
contaminants and adulterations. Among the chemical classes 
of the observed compounds, esters stood out, followed by 
alcohols, acids, aldehydes, ketones, phenol, and copper. The 
abundance of esters in these samples may suggest that these 
compounds play a role in conferring them the traditional 
characteristics of cachaças produced in the region of Sali-
nas, Minas Gerais. However, this can only be proven with 
similar studies in other regions.

Still, this study was able to show that cachaças produced 
in the Salinas region have different composition compo-
nents, and the differences found are possibly due to small 
changes in the production process, influenced by sugarcane 
type used, the sugarcane’s ripeness, type of yeast (wild/
selected), conduction of the fermentation process, distilla-
tion, cachaça cutoff point, and regional culture.
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