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RESUMO 

 

A cachaça é uma bebida destilada tradicional brasileira, obtida a partir da fermentação e 

destilação do caldo de cana-de-açúcar, e sua composição química pode estar ligada à sua origem 

geográfica e às práticas de produção. O objetivo deste estudo foi avaliar a composição química 

e volátil de cachaças não envelhecidas (tradicionais) e cachaças armazenadas em barris de 

Amburana (Amburana cearensis), produzidas em três mesorregiões do estado da Paraíba, Brasil 

(Agreste, Sertão Paraibano e Mata Paraibana), a fim de fornecer informações relevantes para a 

identificação geográfica e o controle de qualidade. Foram analisadas 26 amostras de cachaça 

não envelhecida (tradicional) e 21 amostras de cachaça armazenadas em barris de Amburana 

por períodos de quatro meses a quatro anos. Foram determinados parâmetros físico-químicos 

teor alcoólico, acidez volátil, álcoois superiores, aldeídos, ésteres, furfural, metanol, carbamato 

de etila e teor de cobre. O perfil volátil por CG-MS e análise espectrofométricas de intensidade 

de cor, fenólicos totais e antioxidantes. A análise estatística envolveu ANOVA, teste de Tukey, 

mapas de calor e PCA. As cachaças não envelhecidas atenderam em praticamente sua totalidade 

aos limites estabelecidos pelos padrões de identidade e qualidade; entretanto, nas cachaças 

armazenadas em barris de Amburana, foram detectados acidez volátil excessiva e altos níveis 

de carbamato de etila e cobre, sugerindo deficiências de higiene, práticas de destilação ou 

manutenção de equipamentos. As análises cromatográficas identificaram compostos voláteis, 

incluindo álcoois, ésteres, cetonas, aldeídos e terpenos, permitindo a diferenciação entre as 

cachaças de acordo com sua origem geográfica e condições de envelhecimento. As cachaças 

não envelhecidas da região da Mata Paraibana apresentaram maiores concentrações de álcoois 

e ésteres em comparação com as do Agreste, enfatizando a influência de fatores 

edafoclimáticos. Nas cachaças armazenadas em barris de Amburana, compostos como 2-metil-

1-butanol, 3-metil-1-butanol, álcool feniletílico e vários ésteres etílicos foram predominantes, 

contribuindo para notas sensoriais doces, florais, frutadas e amadeiradas; e observado uma 

ampla variabilidade no conteúdo fenólico total (0,73 a 61,88 mg GAE/L), que se correlacionou 

positivamente com a intensidade da cor e a atividade antioxidante, demonstrando ainda mais o 

impacto das condições de armazenamento e reutilização do barril. Em conclusão, o estudo 

revelou uma grande variabilidade na qualidade química das cachaças paraibanas, devido às 

diferenças nas práticas de produção e armazenamento. Além disso, foi possível uma separação 

das cachaças não envelhecidas em mesorregiões influenciadas por fatores edafoclimáticos. O 

processo de envelhecimento em madeira de Amburana contribuiu positivamente para a 



 
 

complexidade da bebida, enriquecendo-a com aromas desejáveis que melhoram seu perfil 

sensorial, no entanto, destaca-se a necessidade de protocolos de higiene, para garantir a 

consistência da qualidade, padronização das condições de envelhecimento, como reutilização 

do barril e tempo de armazenamento. 

PALAVRAS-CHAVE: compostos voláteis, indicação geográfica, fatores edafoclimáticos, 

práticas de produção, envelhecimento. 

 

  



 
 

ABSTRACT 

 

Cachaça is a traditional Brazilian distilled beverage, obtained from the fermentation and 

distillation of sugar cane juice, and its chemical composition may be closely linked to its 

geographical origin and production practices. The aim of this study was to evaluate the chemical 

and volatile composition of non-aged (traditional) cachaças and cachaças stored in Amburana 

(Amburana cearensis) barrels, produced in three mesoregions of the state of Paraíba, Brazil 

(Agreste, Sertão Paraibano and Mata Paraibana), in order to provide relevant information for 

geographical identification and quality control. 26 samples of unaged cachaça (traditional) and 

21 samples of cachaça stored in Amburana barrels for periods of four months to four years were 

analyzed. Physico-chemical parameters were determined: alcohol content, volatile acidity, 

higher alcohols, aldehydes, esters, furfural, methanol, ethyl carbamate and copper content. The 

volatile profile by GC-MS and spectrophotometric analysis of color intensity, total phenolics 

and antioxidants. Statistical analysis involved ANOVA, Tukey’s test, heat maps and PCA. The 

unaged cachaças practically all met the limits set by the identity and quality standards; however, 

in the cachaças stored in Amburana barrels, excessive volatile acidity and high levels of ethyl 

carbamate and copper were detected, suggesting deficiencies in hygiene, distillation practices 

or equipment maintenance. The chromatographic analyses identified volatile compounds, 

including alcohols, esters, ketones, aldehydes and terpenes, allowing the cachaças to be 

differentiated according to their geographical origin and ageing conditions. The unaged 

cachaças from the Mata Paraibana region had higher concentrations of alcohols and esters 

compared to those from the Agreste region, emphasizing the influence of edaphoclimatic 

factors. In cachaças stored in Amburana barrels, compounds such as 2-methyl-1-butanol, 3-

methyl-1-butanol, phenylethyl alcohol and various ethyl esters were predominant, contributing 

to sweet, floral, fruity and woody sensory notes; and a wide variability in total phenolic content 

was observed (0.73 to 61.88 mg GAE/L), which correlated positively with color intensity and 

antioxidant activity, further demonstrating the impact of storage conditions and barrel reuse. In 

conclusion, the study revealed great variability in the chemical quality of cachaças from 

Paraíba, due to differences in production and storage practices. In addition, it was possible to 

separate the unaged cachaças into mesoregions influenced by edaphoclimatic factors. The 

process of aging in Amburana wood has contributed positively to the complexity of the drink, 

enriching it with desirable aromas that improve its sensory profile. However, there is a need for 



 
 

hygiene protocols to ensure consistent quality, standardization of aging conditions, such as 

barrel reuse and storage time. 

KEY-WORDS: volatile compounds, geographical indication, edaphoclimatic factors, 

production practices, ageing. 
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1 INTRODUÇÃO  

 

A cachaça é uma bebida alcoólica típica e exclusivamente produzida no Brasil, obtida 

pela destilação do mosto fermentado do caldo de cana-de-açúcar, com teor alcoólico entre 38% 

e 48% em volume a 20°C (BRASIL, 2022). Além de seu valor cultural e histórico, a cachaça 

possui significativa importância econômica e industrial, sendo derivada de uma das culturas 

agrícolas mais exploradas no país: a cana-de-açúcar (RIBEIRO-FILHO, 2020).  

A produção de cachaça pode ser realizada tanto em pequenas quanto em grandes 

unidades industriais, utilizando alambiques de cobre ou colunas de inox (BORTOLETTO, 

2023), armazenada em tonéis de inox ou submetida à maturação em barris de madeira o que 

contribui para alterações significativas em sua composição química e sensorial (ALCARDE, et 

al., 2014; SANTIAGO et al., 2017). 

Diferentes madeiras são utilizadas para o envelhecimento/armazenamento de cachaças 

comerciais, como o carvalho (Quercus rubra), a amburana (Amburana cearensis), a castanheira 

(Bertholletia excelsa) e o bálsamo (Sedum dendroideum), que conferem características 

químicas e sensoriais distintas à cachaça (BORTOLETTO et al., 2013; SOUZA et al., 2025). A 

Amburana (Amburana cearensis) tem sido amplamente utilizada no envelhecimento de 

cachaças, sendo uma madeira nativa brasileira (BORTOLETTO et al., 2016). Estão presentes 

ésteres de ácidos graxos e alguns compostos fenólicos em seu perfil volátil, com predominância 

de ácido vanílico, cumarina e 4-metilumbelliferona (SANTIAGO et al, 2016), que são 

importantes para o sabor e o aroma da bebida, conferindo marcadores aromáticos de baunilha, 

canela e outras especiarias, além de notas florais e frutadas (SOUZA et al., 2025). 

A qualidade da cachaça está fortemente relacionada aos compostos voláteis formados 

durante a produção e envelhecimento, os quais conferem características sensoriais únicas, como 

aromas florais, frutados e amadeirados (SANTIAGO et al., 2016; SOUZA et al., 2025). Esses 

compostos podem ser influenciados por diversos fatores, como o tipo de madeira utilizada, o 

tempo de armazenamento, o volume e a capacidade dos barris (BORTOLETTO et al., 2016; 

ALCARDE et al., 2014).  

O envelhecimento da cachaça em barris de madeira confere qualidade química e 

aromática a bebida; no entanto a composição volátil e os parâmetros de qualidade, como teor 

de álcoois superiores, ésteres, acidez volátil e carbamato de etila, variam conforme as práticas 

de produção adotadas bem como durante o envelhecimento. Estudos constataram alterações no 

coeficiente de congêneres, representado pela soma de aldeídos totais (em acetaldeído), ésteres 
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totais (em acetato de etila), álcoois superiores (1-propanol, iso-butanol e isoamílico), furfural e 

hidroximetilfurfural e acidez volátil (em ácido acético) e no teor de carbamatos (ALCARDE et 

al., 2014; BORTOLETTO et al., 2015; SOUZA et al., 2025). Além dos aspectos químicos e 

sensoriais, a origem geográfica exerce papel fundamental na caracterização e valorização da 

cachaça, influenciada por fatores edafoclimáticos e de produção, que contribuem para a 

compreensão do terroir dessa bebida (SERAFIM et al., 2016). 

Nesse contexto, a presente tese teve como objetivo avaliar a conformidade com os 

parâmetros de qualidade e o perfil de compostos voláteis das cachaças paraibanas não 

envelhecidas (tradicionais) e as armazenadas em barris de Amburana (Amburana cearensis) 

produzidas em diferentes mesorregiões da Paraiba: Mata Paraibana, Agreste e Sertão Paraibano, 

levando em consideração os fatores edafoclimáticos e diferentes condições de armazenamento 

nos barris de Amburana. O estudo visou identificar marcadores químicos associados à origem 

geográfica, contribuindo para a compreensão do terroir das cachaças paraibanas não 

envelhecidas (tradicionais) e fornecer subsídios técnicos e científicos para a padronização da 

qualidade das cachaças armazenadas em barris de Amburana, contribuindo para a valorização 

das cachaças produzidas no estado da Paraiba. 
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2 OBJETIVOS 

 

 

2.1 OBJETIVO GERAL 

 

Gerar informações cientificas que possam contribuir para a caracterização da origem 

geográfica das cachaças paraibanas, não envelhecidas (tradicionais) e armazenadas em barris 

de Amburana (Amburana cearenses), através da identificação de compostos voláteis e não-

voláteis, contribuindo para a padronização das normas que regulam a produção de cachaças. 

 

 

2.2 OBJETIVOS ESPECÍFICOS 

 

 Realizar o mapeamento e coleta nos estabelecimentos produtores de cachaças da Paraíba; 

 Avaliar a qualidade química das cachaças paraibanas não envelhecidas (tradicionais) e 

armazenadas em barris de Amburana, de acordo com os padrões de identidade e qualidade da 

PORTARIA MAPA Nº 539/2022; 

 Avaliar e identificar os compostos voláteis aromáticos importantes na caracterização das 

cachaças, que possam ser marcadores de origem geográfica, das cachaças paraibanas não 

envelhecidas (tradicionais); 

 Avaliar e identificar os compostos voláteis e não-voláteis que caracterizam o 

envelhecimento em madeira das cachaças paraibanas armazenadas em barris de Amburana. 
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3 REVISÃO DE LITERATURA 

 

 

Revisão de literatura apresentada em formato de artigo, de acordo com a Norma Complementar 

nº 01/2024 do PPGCTA.  
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3.1 ARTIGO DE REVISÃO - CACHAÇA PRODUCTION: FROM SUGAR CANE TO 

SPIRIT.  

 

 

O artigo foi publicado no periódico Journal of the Institute of Brewing, em 2023, sob o título 

Cachaça Production: from sugar cane to spirit.  https://doi.org/10.58430/jib.v129i4.40 

 

 

 

 

 

 

 

 

 

 

 



16 
 



17 
 



18 
 



19 
 



20 
 



21 
 



22 
 



23 
 



24 
 



25 
 



26 
 



27 
 



28 
 



29 
 



30 
 



31 
 



32 
 

  



33 
 

4 DELINEAMENTO EXPERIMENTAL 

 

A coleta das amostras para o estudo foi realizada em três mesorregiões do Estado da 

Paraiba (Mata Paraibana, Agreste e Sertão Paraibano), onde foram coletadas cachaças 

produzidas por diferentes produtores durante o ano de 2021. A coleta das amostras foi dividida 

em dois tipos de cachaça produzidas: cachaças não envelhecidas (tradicionais) e cachaças 

armazenadas em barris de Amburana (Amburana cearenses). O delineamento experimental 

apresentado na Figura 1, resume a metodologia para o desenvolvimento do projeto em três 

etapas. 

 

Figura 1. Delineamento experimental 

 

Fonte: Autora (2025) 

 

4.1 ETAPA 1: MAPEAMENTO E COLETA 

A primeira etapa do esquema representado na Figura 1 (Etapa 1) representa o 

mapeamento e coletas das cachaças nos engenhos produtores nas três mesorregiões do estado 

da Paraiba (Mata Paraibana, Agreste e Sertão Paraibano). No total foram coletadas 47 cachaças: 

26 cachaças não envelhecidas (tradicionais) que foram produzidas por fermentação "natural", 

destiladas em alambiques de cobre e armazenadas em tanques de aço inoxidável ou barris de 

madeira freijó por no máximo 6 meses, e envasadas em garrafas de vidro; e 21 cachaças 

armazenadas em barris de Amburana (Amburana cearenses) produzidas por fermentação 
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"natural", destiladas em alambiques de cobre, armazenadas em barris de madeira Amburana 

por períodos entre 4 meses e 4 anos, e envasadas em garrafas de vidro. Todas as amostras foram 

protegidas da luz e mantidas a uma temperatura média de 20ºC. As análises foram realizadas 

em triplicata.  

 

4.2 ETAPA 2: AVALIAÇÃO DO PADRÃO DE QUALIDADE 

A segunda etapa do esquema representado na Figura 1 (Etapa 2) apresenta a 

caracterização química das cachaças analisadas, de acordo com os padrões de identidade e 

qualidade: coeficiente de congêneres (acidez volátil, ésteres totais, aldeídos totais, soma de 

furfural e HMF, álcoois superiores), % ABV, contaminantes orgânicos (metanol, carbamato de 

etila, acroleína, 1-butanol, 2-butanol) e contaminante inorgânico (cobre); determinadas pela 

Portaria MAPA Nº 539/2022 (Brasil, 2022). 

 

4.3 ETAPA 3: DETERMINAÇÃO DE MARCADORES 

A terceira etapa do esquema representado na Figura 1 representa a etapa da 

determinação dos compostos marcadores das cachaças paraibanas, através da determinação do 

perfil de compostos voláteis e análises espectrofotométricas (intensidade de cor, atividade 

antioxidante e fenólicos totais), apenas para as cachaças armazenadas em barris de Amburana). 
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5 RESULTADOS 

 

 

Os resultados obtidos nesta pesquisa são apresentados em formato de 2 artigos 

científicos, de acordo com a Norma Complementar nº 01/2024 do PPGCTA e submetidos a 

periódicos de alto fator de impacto. 

O Artigo I, teve como objetivo avaliar a conformidade com os parâmetros legais e o 

perfil aromático de cachaças não envelhecidas (tradicionais) produzidas em diferentes origens 

geográficas da Paraiba (incluindo as mesorregiões da Mata Paraibana, do Agreste e do Sertão 

Paraibano). Vinte e seis amostras foram coletadas e submetidas a análises de qualidade e perfil 

volátil utilizando método cromatográfico (CG-MS). As cachaças analisadas apresentaram 

conformidade com os padrões legais em quase sua totalidade. Com relação ao perfil aromático, 

as cachaças produzidas na mesorregião do Agreste apresentaram semelhanças com as cachaças 

do Sertão Paraibano e diferenças com as cachaças da Mata Paraibana. O estudo destaca como 

a origem geográfica influenciada por fatores edafoclimáticos e de produção, exerce influencia 

na qualidade da cachaça em conformidade os padrões legais de identidade e qualidade; bem 

como influencia seu perfiil aromático, contribuindo para a compreensão do terroir da cachaça. 

O artigo II, teve como objetivo avaliar a qualidade e a composição volátil e não-volátil 

de cachaças armazenadas em barris de Amburana (Amburana cearenses) produzidas no estado 

da Paraiba. Foram coletadas 21 cachaças e submetidas as análises de qualidade, perfil volátil 

utilizando método cromatográfico (CG-MS) e perfil não-volátil mediante análises de 

intensidade de cor, atividade antioxidante e compostos fenólicos totais. Parte das cachaças 

analisadas apresentaram inconformidade com os padrões legais, influenciadas por fatores de 

produção como higiene inadequada, controle da fermentação, práticas de destilação, tempo de 

armazenamento e condições dos barris. O perfil aromático identificou 45 compostos voláteis, 

contribuindo com aromas doce, floral, frutado e amadeirado. Foram revelados diferentes perfis 

aromáticos entre as cachaças analizadas, influenciados pelo tempo de armazenamento (entre 4 

meses e 4 anos) e condições dos barris. O estudo revelou grande variabilidade na qualidade das 

cachaças armazenadas em barris de Amburana, destancando a necessidade de protocolos de 

higiene, padronização das condições de envelhecimento, como reutilização de barris e tempo 

de armazenamento, garantindo segurança e qualidade para cachaça armazenada em barril de 

Amburana; no entanto, o processo de envelhecimento enriqueceu a bebida com aromas 

desejáveis que melhoram seu perfil sensorial. 
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5.1 ARTIGO I - CHEMICAL COMPOSITION AND SENSORY DIVERSITY OF 

COLOURLESS CACHAÇAS FROM PARAÍBA: INFLUENCE OF GEOGRAPHIC ORIGIN 

AND PRODUCTION PRACTICES. 

 

 

O artigo foi aceito para publicação no periódico Journal of the Institute of Brewing, sob o título 

Chemical Composition and Sensory Diversity of Colourless cachaças from Paraíba: Influence 

of Geographic Origin and Production Pratices, desde o dia 11 de junho de 2025 (ANEXO A). 
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5.2 ARTIGO II – INFLUENCE OF AMBURANA CEARENSIS BARRELS ON THE 

SENSORY PROFILE AND COMPLEXITY OF CACHAÇA DURING MATURATION.  

 

 

O artigo encontra-se submetido ao periódico Wood Science and Technology, sob o título 

Influence of Amburana cearensis Barrels on the Sensory Profile and Complexity of Cachaça 

During Maturation, desde o dia 20 de maio de 2025 (ANEXO B). 
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Influence of Amburana cearensis Barrels on the Sensory Profile and Complexity of 

Cachaça During Maturation. 

 

Abstract 

Cachaça is a traditional Brazilian distilled beverage produced from the fermentation and 

distillation of sugarcane juice. Its aging process, particularly in wooden barrels such as 

Amburana (Amburana cearensis), significantly alters its physicochemical and sensory 

characteristics. This study aimed to evaluate the quality and volatile composition of 21 samples 

of cachaça stored in Amburana barrels for periods ranging from four months to four years, 

collected from different mesoregions of the state of Paraíba, Brazil. The physicochemical 

parameters analyzed included alcohol content, volatile acidity, higher alcohols, aldehydes, 

esters, furfural, methanol, ethyl carbamate, and copper content. Additionally, the volatile 

aromatic profile was assessed via chromatographic analysis, and spectrophotometric methods 

were used to quantify total phenolic compounds, color intensity, and antioxidant activity. 

Statistical analysis involved ANOVA, Tukey’s test and heat maps. Results demonstrated that 

all samples complied with the legal alcohol content range, though two showed volatile acidity 

above the regulatory limit, possibly due to inadequate hygiene during production. Significant 

variations were observed in the levels of ethyl acetate, acetaldehyde, higher alcohols, methanol, 

and furfural, influenced by factors such as fermentation control, distillation practices, storage 

time, and barrel conditions. Ethyl carbamate, a carcinogenic compound, exceeded the legal limit 

in 10 samples, particularly those aged for longer periods, emphasizing the importance of proper 

distillation cuts and hygiene. Copper content exceeded the legal threshold in three samples, 

indicating potential failures in equipment maintenance. Aromatic profiling identified 45 volatile 

compounds across the samples, including alcohols, esters, ketones, aldehydes, and terpenes. 

The most abundant compounds, such as 2-methyl-1-butanol, 3-methyl-1-butanol, phenylethyl 
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alcohol, and various ethyl esters, contributed to desirable sweet, floral, fruity, and woody 

aromas. The aromatic wheel and heat maps revealed diverse sensory profiles influenced by 

storage conditions and barrel reuse. Non-volatile analyses showed a wide range of total phenolic 

content (0.73–61.88 mg GAE/L), with a positive correlation between phenolics, color intensity, 

and antioxidant activity. In conclusion, the study revealed high variability in the chemical 

quality of cachaças aged in Amburana barrels, driven by differences in production and storage 

practices. These findings highlight the need for standardization of aging conditions, such as 

barrel reuse, storage time, and hygiene protocols, to ensure consistent quality and safety of 

stored cachaça. Furthermore, the aging process in Amburana wood contributes positively to the 

complexity of the drink, enriching it with desirable aromas that enhance its sensory profile. 

 

Keywords: Volatile compounds, Aromatic profiling, Aging process, Distillation practices, 

Fermentation control. 
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Introduction 

Cachaça is a Brazilian drink, with an alcohol content of between 38 and 48% by volume 

at 20ºC, obtained from the distillation of the fermented must of sugar cane juice, and can also 

be aged in wooden barrels (Brasil, 2022). Aging aggregates value to the drink, as well as 

providing aromatic sensory characteristics from the compounds extracted from the wood used 

(Santiago et al., 2017; Souza et al., 2025). 

Different woods are used for the ageing/storage of commercial cachaças, such as oak 

(Quercus rubra), amburana (Amburana cearensis), chestnut (Bertholletia excelsa) and balsam 

(Sedum dendroideum), which provide distinct chemical and sensory characteristics to the 

cachaça (Bortoletto et al., 2013). 

 Amburana (Amburana cearensis) is a native Brazilian wood that has been widely used 

in the aging of cachaças (Bortoletto et al., 2016), as it incorporates fatty acid esters and some 

phenolic compounds in its volatile profile, with a predominance of vanillic acid, coumarin and 

4-methylumbelliferone (Santiago et al., 2016), which are important for the flavor and aroma of 

the drink, giving aroma markers of vanilla, cinnamon and other spices, as well as floral and 

fruity notes (Souza et al., 2025). 

It is worth noting that aging/storage can also cause changes in the quality parameters of 

the drink. Studies have found changes in the congener coefficient, represented by the sum of 

total aldehydes (in acetaldehyde), total esters (in ethyl acetate), higher alcohols (1-propanol, 

iso-butanol and isoamyl), furfural and hydroxymethylfurfural and volatile acidity (in acetic 

acid) and in the carbamate content (Alcarde et a., 2014; Bortoletto et al., 2015; Souza eta l., 

2025). 

  The aforementioned changes are influenced by changes in the parameters of cachaça 

storage, such as the wood used, storage time, volume of the drink and barrel capacity. However, 

the Brazilian ordinance that regulates cachaça (Brasil, 2022) does not specify a minimum or 
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maximum storage time limit for “stored” cachaça, which means that cachaça processors use 

different storage times and barrel capacities, leading to a different quality of the final product 

to be sold. 

The objective of this study was to verify and evaluate the quality and volatile chemical 

composition of cachaças stored in Amburana (Amburana cearensis) barrels, produced in 

different regions of the state of Paraíba, stored under different conditions, in order to obtain 

information that contributes to the standardization of stored cachaça, defining production 

requirements for a quality drink. 

 

Material and Methods 

Reagents and standards 

The following standards were used: 1-butanol, 1-propanol, 2-butanol, 2-methyl-1-

butanol, 2-methyl-1-propanol, 3-methyl-1-butanol, 3-pentanol, 5-HMF, acetaldehyde, acrolein, 

butyl carbamate, ethanol, ethyl acetate, ethyl carbamate, furfural and methanol, all with a purity 

of > 99%, for gas chromatography (GC) (Sigma-Aldrich, St. Louis, USA). A copper standard 

for AAS (Supelco) and Milli-Q ultrapure water (Millipore, Molsheim, France) were also used. 

 

Sampling 

A total of twenty-one samples of cachaça were stored in Amburana wood barrels 

(Amburana cearensis), four months to four years of storage (Supplementary table 1), collected 

from producers across three mesoregions of the state of Paraíba: 15 samples from Agreste 

Paraibano, 4 samples from Mata Paraibana, and 2 samples from Sertão Paraibano. Were 

produced through the fermentation of sugarcane juice, distilled in copper stills, and stored in 

Amburana woody barrels. The samples collected were filled into glass bottles and kept away 

from light and stored at 20°C. The analyses were carried out in triplicate. 
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Analytical methods 

Determination of Alcohol by volume (ABV%)  

The ethanol concentration in cachaça was determined using densimetry. A 250 mL 

sample was placed in a cylinder, and the alcohol content was directly measured using the Gay 

Lussac scale. The readings were corrected to 20°C, with measurements taken in triplicate 

(AOAC, 2000). 

 

Volatile acidity 

Volatile acidity was determined following the AOAC (2000) methodology. It was 

calculated by subtracting the fixed acidity from the total acidity of the sample. The result was 

expressed as grams of acetic acid per 100 mL of sample. 

 

Higher alcohols, esters and aldehydes 

The compounds: 1-butanol, 2-butanol, 1-propanol, acetaldehyde, acrolein, ethyl acetate, 

isoamyl alcohol, isobutyl alcohol, methanol and the sum of furfural and hydroxymethylfurfural 

were determined by direct sample injection into a Gas Chromatograph (Agilent, HP 6890), 

equipped with a Flame Ionization Detector (FID) and a Varian CP-Wax 52 CB capillary column 

(60m x 0.25mm x 0.25µm). The analytical conditions were based on the methodology outlined 

by Bortoletto et al. (2016). 

The oven temperature program was as follows: an initial temperature of 40°C 

maintained for 4 minutes, followed by a ramp to 120°C at a rate of 20°C/min, an isothermal 

period of 1 minute, a ramp to 180°C at 30°C/min and a final maintenance period of 4 minutes. 

The injector and detector (FID) temperatures were set at 245°C and 250°C respectively. 

The analyses were performed with a 1:25 split ratio, using helium as the carrier gas at a 

flow rate of 1.5 mL/min. Calibration curves and analytical standards were prepared using 40% 
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(v/v) ethanol. A 1.0 µL aliquot of each sample, along with 3-pentanol (internal standard), was 

directly injected for analysis. 

 

Ethyl carbamate 

Ethyl carbamate content was determined by direct sample injection into a Gas 

Chromatograph (GC) Agilent Technologies 7890B, coupled with a mass-selective detector 

(MSD) Agilent Technologies 5977B. The system was equipped with a capillary column, 

Agilent VF-WAXms (60m x 0.25mm x 0.25µm), and connected to a Mass Spectrometer. The 

analysis followed the methodology outlined by Nóbrega et al. (2009). 

The oven temperature program was as follows: an initial temperature of 90°C for 2 

minutes, followed by a ramp of 10°C/min to 150°C (0 minutes), and then a ramp of 40°C/min 

to 230°C (10 minutes). The injector temperature was set to 250°C, and the GC/MS interface 

was maintained at 230°C. The mass spectrometer was operated in electron impact mode with 

an ionization energy of 70 eV. Helium was used as the carrier gas at a flow rate of 1.5 mL/min. 

The mass spectrometer detector operated in SIM mode (m/z 62). 

The preparation of calibration curves and ethyl carbamate (EC) analysis was based on a 

methodology adapted from Serafim et al. (2016). Solutions of ethyl carbamate and butyl 

carbamate were prepared using 40% (v/v) ethanol. Butyl carbamate (150 µg/L) was used as the 

internal standard. A volume of 1.0 µL was injected in splitless mode. Ethyl carbamate was 

quantified using the internal standard addition method. The limits of detection and 

quantification for EC were 10 µg/L and 40 µg/L, respectively. 

 

Inorganic compound (Cooper, Cu) 

The concentration of copper was determined by Flame Atomic Absorption 

Spectrometry (FAAS) using a Flame Atomic Absorption Spectrophotometer (AA-6300, 
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Shimadzu). A copper (Cu) hollow cathode lamp was used as the primary radiation source, with 

an electric current of 4 mA. An air/acetylene oxidizing flame (13.5 L/min for air and 2.0 L/min 

for acetylene) was employed. Copper was measured at 324.8 nm with a spectral bandwidth of 

0.5 nm. The conditions followed the methodology outlined by Miranda et al. (2010). Calibration 

curves were prepared using 40% (v/v) ethanol. 

 

Volatile profile 

The concentration of volatile compounds was determined using a Gas Chromatograph 

(GC) Agilent Technologies 7890B, coupled with a mass-selective detector (MSD) Agilent 

Technologies 5977B. The system was equipped with an Agilent HP-5MS UI capillary column 

(30m x 0.25mm x 0.25µm) and connected to a Mass Spectrometer. 

The following conditions, based on the methodology of Zacaroni et al. (2017), were 

used: oven temperature ramped from 35°C to 240°C at a rate of 4°C/min. The injector 

temperature was set to 270°C. Helium 5.0 was used as the carrier gas at a flow rate of 1.78 

mL/min, with a 1:4 split injection mode. The temperature of the detector interface and the ion 

source remained at 240 °C and 200 °C, respectively. The mass spectrometer operated in electron 

impact mode (70 eV) and the mass scan range was from 50 to 400 mz-1 at 4.44 scan.s-1. The 

extraction of volatiles was performed using the headspace solid-phase microextraction (HS-

SPME) technique with an SPME device (Supelco, Bellefonte, USA). The sample was diluted 

to 10% ethanol using ultra-pure water. An aliquot of 4 mL, to which the internal standard 3-

pentanol was added, was transferred to a 20 mL glass vial and immediately sealed with a Teflon-

coated septum cap. The volatiles were extracted at 45°C with no equilibrium time, using a 

Divinylbenzene/Carboxene/Polydimethylsiloxane (DVB/CAR/PDMS) 50/30 μm fiber, which 

was exposed to the headspace for 50 minutes to allow adsorption. Afterward, the fiber was 

exposed for 5 minutes for desorption in the gas chromatograph. The fiber was conditioned at 
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270°C for 60 minutes prior to the extraction procedure, in accordance with the manufacturer’s 

specifications. 

Compounds were identified using the NIST library database (2014), in combination 

with the mass spectrum and linear retention index (LRI). The LRI for each compound was 

calculated using the retention times of a homologous series of C6–C20 n-alkanes. Analyses 

were performed in triplicate, and the results were expressed as the total chromatographic peak 

area. 

 

Spectrophotometric analysis 

The color intensity of the samples was determined by directly measuring the absorbance 

at 420 nm, according to the methodology described by de Souza et al. (2025). The total content 

of phenolic compounds was quantified using spectrophotometry at 765 nm, after reaction with 

the Folin-Ciocalteau reagent, following the protocol of Amerine & Ough (1980). The analytical 

curve was constructed using gallic acid as a standard in a 40% (V/V) hydroalcoholic solution, 

and the results were expressed as mg of gallic acid equivalent per 100 mL of sample. 

Antioxidant activity was assessed by the ability of the distillates to eliminate the DPPH 

radical, using UV-VIS spectrophotometry at 515 nm, according to the methodology of Brand-

Williams et al. (1995). The calibration curve was drawn up with Trolox at concentrations 

ranging from 20 to 1200 μM, and the results were present in terms of percentage inhibition of 

radical oxidation. 

 

Statistical analysis 

The analyses were carried out in triplicate and the results are presented as the mean and 

standard deviation of the three replicates. The data was submitted to Analysis of Variance 

(ANOVA) and Tukey's test (to compare the results of the cachaças analyzed in relation to the 
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parameters required by the legislation), with the averages showing p < 0.05 being considered 

statistically significant. Principal Component Analysis and Heat Mapping were also carried out 

for the results of the volatile compounds. The data was analyzed using XLSTAT software 

(version 2014.5.03, Addinsoft, New York, USA).  

 

Results and Discussion 

 

Physicochemical evaluation of cachaças stored in Amburana wood barrels (Amburana 

cearensis)  

During aging in wooden barrels, there is a reduction in the alcohol content of cachaças, 

as well as a reduction in their initial volume (Silva et al., 2023), which is caused by the 

permeability and porosity of the wood, permitting the preferential evaporation of ethanol in 

relation to water (Alcarde et al., 2014). To obtain the final product with the required alcohol 

content, the producers start the storage process with a higher alcohol content, as well as adding 

unaged cachaça to the stored cachaça. Evaluating the cachaças in the present study, all the 

samples showed an alcohol content (ABV%) within the limit determined by the legislation.  

Evaluating the volatile acidity (VA) of stored cachaças, it is observed that samples UA-

12 (251.1 mg/100 mL) and UA-06 (173.1 mg/100 mL) contain the highest concentration of VA 

(p<0.05) (Table 1).  In contrast, sample UA-01 (10.4 mg/100 mL) contains the lowest 

concentration of VA (p<0.05). Samples UA-08 (97.8 mg/100 mL), UA-09 (94.3 mg/100 mL, 

UA-10 (98.3 mg/100 mL) and CA-08 (93.2 mg/100 mL) showed similar values. Samples UA-

15 (26.0 mg/100 mL), UM-01 (27.0 mg/100 mL) and UM-03 (25.7 mg/100 mL) did not differ 

significantly from each other (Table 1). 

Volatile acidity (VA) is expressed in mg of acetic acid/100 mL because acetic acid is 

the main volatile acid present in cachaça (Brasil, 2022). In aged cachaças, the increase in acidity 
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is promoted by the oxidation reaction of ethanol to acetaldehyde and the consequent formation 

of acetic acid, as well as by the extraction of organic acids and phenolic compounds from the 

wood (Alcarde et al., 2014). Santiago et al. (2016) observed a gradual increase in the 

concentration of acidity in cachaças aged for 12 months.  

On the other hand, higher volatile acidity values can also be representative of high levels 

of microbial contamination in the process, using inappropriate hygiene practices (Caetano et 

al., 2022). Of the 21 cachaças analyzed, two (UA-06 and UA-12) presented values higher than 

those permitted by Brazilian legislation. These samples had been stored for a maximum of 6 

months (Supplementary Table 1), indicating that the increase in VA is due to the probable 

inadequate use of hygiene practices in the process.  

Esters are produced by yeasts during fermentation through esterification reactions of 

acids and alcohols (Bortoletto et al., 2018), also occurring during storage of cachaças in wooden 

barrels (Bortoletto & Alcarde, 2015), with an increase in concentration as a result of ageing 

(Santiago et al., 2016). The Table 1 results indicate that sample UA-06 (68.5 mg/100 mL) 

contains a higher concentration of ethyl acetate (p<0.05). In contrast, sample UM-03 (6.4 

mg/100 mL) contains the lowest concentration (p<0.05). Ethyl acetate is the ester with the 

highest concentration in cachaças (Bortoletto et al., 2016), giving a sweet and fruity aroma 

(Bortoletto & Alcarde, 2013), but at high concentrations (150-200 mg/100 mL) it produces 

disagreeable odors (Portugal et al., 2017). 

Aldehydes are produced in cachaças during fermentation, formed by the oxidation of 

alcohols, amino acids or fatty acids (Ribeiro-Filho et al., 2021). The aging of the drink also 

favors the formation of these compounds (Bortoletto & Alcarde, 2013). Acetaldehyde is the 

main aldehyde associated with alcoholic fermentation (Moreira et al., 2012), which influences 

the aroma of cachaças, giving sweet and fruity aromas when in low concentrations; however, 

at higher levels it produces a strong and unpleasant aroma (Portugal et al., 2017). Careful 
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distillation cuts can help reduce the excessive presence of this compound (Bortoletto & Alcarde, 

2015; Silva et al., 2020), which has higher levels in aged cachaças, due to the oxidation of 

ethanol during ageing (Serafim et al., 2013). The results indicate that sample UA-11 (16.4 

mg/100 mL) contains a higher concentration of acetaldehyde (p<0.05). In contrast, sample UA-

09 (2.9 mg/100 mL) contains a lower concentration (p<0.05) (Table 1). 

Furfural and hydroxymethylfurfural are formed through the thermal degradation of 

sugars, involving the dehydration of pentoses and hexoses (Bortoletto & Alcarde, 2015). 

Results indicate that sample UA-06 (2,34 mg/100 mL) contains the highest concentration 

(p<0.05) (Table 1). In contrast, sample UA-15 (0.08 mg/100 mL) contains a lower 

concentration (p<0.05) (Table 1). The concentrations of furfural and hydroxymethylfurfural are 

within the maximum limit established by Brazilian legislation (Brasil, 2022). The concentration 

of these compounds may be related to the burning of the sugar cane, carried out to facilitate the 

burning of the straw (Bortoletto et al., 2016). These compounds can also be formed by 

pyrogenation of the organic matter during distillation. To prevent formation, it is necessary to 

control the final sugar content in fermentation (0º Brix) before starting distillation. When these 

compounds are formed in cachaça, most of them are present in the tail fraction and can be 

removed by properly separating the fractions (Bortoletto et al., 2018). The aging of cachaça can 

also result in an increase in these compounds from the caramelization and Maillard reactions 

that occur during the toasting of the wooden barrels (Alcarde et al., 2014). 

The content of higher alcohols in alcoholic beverages is generated during fermentation 

and later concentrated or separated during distillation. Higher alcohols are formed through the 

Ehrlich pathway, which occurs as a result of amino acid consumption. (Ribeiro-Filho et al., 

2021). The formation of these alcohols depends on several factors such as: the yeast strain used 

in fermentation and its activity; the level of bacterial contamination; control of the conditions 

during fermentation: pH of the must (≥ 4.0), temperature (28 °C to 32 °C), nitrogenous 
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compound content, the final alcohol content of the must; control of the time between 

fermentation and distillation; and the type of distillation used (Bortoletto & Alcarde, 2015, 

Bortoletto, et al., 2018). 

The concentration of higher alcohols is calculated by the sum of isobutyl (2-methyl-1-

propanol), isoamyl (2-methyl-1-butanol and 3-methyl-1-butanol) and n-propyl (1-propanol) 

alcohols (Brasil, 2022). These alcohols are important for the aromatic profile of cachaças, but 

when in excess they are negative for the drink (Bortoletto, et al., 2018). Results the Table 1, 

indicate that sample US-02 (331,6 mg/100 mL) contains the highest concentration (p<0.05). In 

contrast, sample UA-12 (138,6 mg/100 mL) contains a lower concentration (p<0.05). The low 

concentrations of these higher alcohols are related to the care taken in cutting the cane and the 

time needed for milling and fermentation (Moreira et al., 2012). During the storage of cachaças 

in Amburana barrels for a period of 12 months, Santiago et al. (2016) observed a gradual 

increase in the concentration of higher alcohols. Alcarde et al., (2014) also observed this 

increase in cachaças aged in oak barrels for 180 days. 

Methanol, 1-butanol, 2-butanol and acrolein are compounds formed in cachaça, mainly 

during fermentation and are recovered by distillation (Silva et al., 2023), and are not influenced 

during the maturation of the drink (Souza et al., 2025). Methanol, 1-butanol, and 2-butanol, 

which are organic contaminants in cachaças, produced during the fermentation and distillation 

processes (Bortoletto et al., 2016).  

The formation of methanol is due to sugar cane varieties containing concentrations of 

pectin that during the extraction process were transferred to the must, and during fermentation 

these pectic enzymes present are metabolized by the yeast, generating galacturonic acid and 

resulting in the production of methanol (Bortoletto & Alcarde, 2015). The highest concentration 

of methanol is contained in the head fraction, which can be removed by adequately separating 

the distillate fractions or double distillation (Bortoletto et al., 2018).  
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Ageing does not increase the concentration of this compound (Alcarde et al., 2010). 

Results indicate that sample UM-04 (6,26 mg/100 mL) contains the highest concentration of 

methanol (p<0.05). In contrast, sample UA-06 (2,67 mg/100 mL) contains a lower 

concentration (p<0.05) (Table 1) are within the maximum limit established by Brazilian 

legislation (Brasil, 2022). 

N-butyl (1-butanol) and sec-butyl (2-butanol) alcohols are produced by the action of 

bacteria during a prolonged resting period between fermentation and distillation; it is not 

possible to remove them by separating the distillate fractions (Bortoletto et al., 2018). Low 

concentrations of these compounds are important for the quality of the drink (Portugal et al., 

2017). The results in Table 1 indicate that sample US-02 (1.27 mg/100 mL) contains a higher 

concentration of 1-butanol (p<0.05). In contrast, sample UA-10 (0.27 mg/100 mL) contains a 

lower concentration (p<0.05).   

For the compound 2-butanol, the results indicate that sample UA-01 (2.51 mg/100 mL) 

contains a higher concentration (p<0.05). In contrast, sample UA-09 (0.41 mg/100 mL) 

contains a lower concentration (p<0.05) (Table 1). Samples UA-15 (0.46 mg/100 mL) and (0.43 

mg/100 mL), UA-08 (0.63 mg/100 mL) and (0.58 mg/100 mL), UA-13 (0.66 mg/100 mL) and 

(0.61 mg/100 mL), UA-14 (0.73 mg/100 mL) and (0.78 mg/100 mL), showed similar levels for 

both compounds 1-butanol and 2-butanol respectively. The compounds 1-butanol and 2-butanol 

were within the maximum limit established by Brazilian legislation for all the samples analyzed 

(Brasil, 2022). 

Acrolein (2-propenal) is a carcinogenic compound, the production of which can occur 

during fermentation due to bacterial contamination, or under certain concentrations of must 

acids, which can activate some enzymes that can convert glycerol into acrolein; and also during 

distillation by dehydration of glycerol in the presence of acids on hot metal surfaces. It is an 

undesirable compound in beverages, producing unpleasant aromas, and can be removed during 
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the separation of the head fraction (Bortoletto et al., 2018). All the samples analyzed had no 

acrolein contente. 

Ethyl carbamate is the principal contaminant in cachaças because of its carcinogenic 

potential (Bortoletto et al., 2015). Is formed by the enzymatic degradation of cyanogenic 

glycosides present in sugar cane, involving the cyanide ion, which is oxidized to cyanate, which 

reacts with ethanol in the presence of copper ion, forming ethyl carbamate (Nóbrega, et al., 

2009; Lachenmeier et al., 2010; Alcarde et al., 2014; Bortoletto & Alcarde, 2015).  

Of the 21 samples stored in Amburana barrels, 11 had ethyl carbamate values < 210 

µg/L (Brazil 2022), and 10 presented values above the legal limit. Samples UA-13 (637.0 µg/L), 

UM-04 (604.8 µg/L) and UA-06 (547.7 µg/L) showed the highest values for this compound 

(Table 1). It is an undesirable compound in distilled beverages, occurring during fermentation, 

distillation and ageing (Alcarde et al., 2012; Machado et al., 2013; Mendonça et al., 2016; 

Santiago et al., 2017).  

During storage, a significant increase in ethyl carbamate is observed in cachaças aged, 

but these higher concentrations also depend on the initial level of this compound formed in the 

drink, since proper separation during distillation, with correct removal of the head fraction; as 

well as double distillation reduce the initial levels of this compound in cachaça (Nova et al., 

2009; Alcarde et al., 2012; Rota et al., 2013; Alcarde et al., 2014; Bortoletto et al, 2016; 

Santiago et al., 2017). These factors may have contributed to the high concentration of this 

compound in sample UA-13, which was stored in Amburana barrels for a period of more than 

4 years (Supplementary table 1). Alcarde et al., (2014) observed a gradual increase in the 

concentration of ethyl carbamate in cachaças stored for 180 days in oak barrels.  

Copper is the metal commonly used in the manufacture of still pots, as it has good 

thermal conduction and resistance to corrosion. The use of copper stills confers a higher sensory 

quality to cachaça, but the presence of high levels of copper is dangerous for human health 
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(Böck et al., 2022). All the cachaças evaluated were distilled in copper stills. Results in the 

Table 1 reveal that among the 21 cachaças stored in Amburana barrels evaluated, all had copper 

levels < 5 mg/L (Brasil, 2022), except for samples UA-06 (5,68 mg/L), UA-07 (6,94 mg/L) and 

UM-02 (5,42 mg/L).  

The presence of copper in cachaça is associated with the use of copper stills for distilling 

cachaça. Failure to sanitize these stills before distillation results in oxidation of the internal 

walls, generating copper salts that are dissolved in the cachaça. During ageing in wooden 

barrels, the concentration of copper remains controlled due to the absorption of the metal by 

the wood (Alcarde et al., 2014, Bortoletto et al., 2018). 

 

Profile of volatile compounds of cachaça stored in Amburana barrels  

Were identified 45 volatile compounds identified in the 21 samples of cachaças stored in 

Amburana barrels. The main classes of compounds identified include alcohols (7), esters (14), 

ketones (4), aldehydes (4) and terpenes (16). Each sample had a different profile in terms of the 

number of compounds identified and their concentrations (Supplementary table 2). 

 

Aromatic wheel of cachaças stored in Amburana barrels 

The sensory characteristics associated with volatile compounds present in cachaças 

stored in wooden barrels are of major interest because they influence how the drink will be 

perceived sensorially by the consumer, providing aroma and flavor characteristics, as well as 

quality. 

The volatile compounds described in Supplementary Table 2 and their related aroma 

descriptors were considered for the construction of the wheel of aromatic volatile compounds 

and their aroma descriptors produced by Paraiba cachaças stored in Amburana barrels (Figure 

1), grouping the main volatile compounds found in cachaça stored in an Amburana barrel based 
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on their sensory contributions, connecting them to aroma descriptors. Each compound 

identified (by chromatography) is responsible for unique olfactory stimuli perceived as 

characteristic aromas. 

By evaluating the aromatic wheel that characterizes the substances found in in cachaça 

stored in an amburana barrel, it is possible to observe that the wheel is divided into a broad 

category of aromas represented by sensory groups. It stands out for its sweet, floral, fruity and 

woody aromas, with hints of coconut, honey, rose and a fatty aroma. 

The compounds 2-methyl-1-butanol and 3-methyl-1-butanol were the most abundant in 

all the samples, contributing sweet, fruity and alcoholic aroma descriptors, followed by 

phenylethyl alcohol described with sweet, honey, flowery and rose aromas, and 1-octanol which 

is described as oily and coconutty. 

Fatty acid esters from ageing are formed during the oxidation phase of the compounds 

extracted from the wood. These esters influence the aroma of the drink. Various esters are 

described with fruity aromas, such as ethyl acetate, ethyl butanoate, ethyl hexanoate, ethyl 

octanoate, ethyl nonanoate, ethyl decanoate, isoamyl acetate and isoamyl octanoate. Another 

important ester is phenethyl acetate, described as a flowery, rose, sweet and honey aroma. Ethyl 

laurate, ethyl palmitate and ethyl linoleate with oil and fatty descriptors, contribute to the body 

and viscosity of the drink. 

Terpenes also influenced the composition of the aromas, including farnesol, nerolidol, 

citronellol and α-curcumene, bringing flowery, herbaceous and woody aromatic descriptors. 

According to the profile of aromatic volatile compounds produced by Paraíba cachaças 

stored in Amburana barrels, they can be generally characterized as a drink with sweet, flowery 

and fruity aromas with woody and herbaceous touches, which has body and viscosity resulting 

from the presence of oily and fatty aromas. 
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However, the final aroma of the drink can be influenced by various edaphoclimatic and 

production factors, as well as storage and ageing conditions. 

 

Aromatic profile of a cachaças stored in Amburana barrels 

A heatmap correlating the cachaças collected and the aromatic compounds distributed by 

class can be seen in Figure 2 (A-D). The compounds in higher concentrations were grouped in 

dark red, and those in dark blue showed lower concentrations. 

The heat map for the volatile alcohol profile (Figure 2A) reveals 7 aromatic compounds 

identified. Among the alcohols with the highest concentration in the samples, the following 

stand out: 3-Methyl-1-butanol and 2-Methyl-1-butanol, these isomeric amyl alcohols form 

isoamyl alcohol, which is a precursor to isoamyl acetate (Portugal et al., 2016). These 

compounds give the drink alcoholic, sweet and fruity aromas (Figure 1). 

Among the alcohols with important sensory characteristics that have a positive impact on 

beverages, phenethyl alcohol stands out, producing characteristic aromas of flowers, honey, 

roses and sweets (Figure 1). In evaluating the alternative maturation of cachaças with 

Amburana, Souza et al. (2025) observed the presence of this compound as a potential marker. 

Lower concentrations of phenethyl alcohol in cachaças stored in Amburana barrels can be 

considered one of the factors indicating the higher number of uses of this barrel, with a 

consequent reduction in the extraction of this compound. Samples UA-01, UA-03, UA-06, UA-

07, UA-08, UA-12, UM-03, UM-04 and US-02 (Figure 2A) had the lowest concentrations of 

this compound. Other alcohols include 2-Heptanol, 1-Octanol, 2-Nonanol and 2-Undecanol 

(Figure 2A), which are present in some of the samples, but also in low concentrations. These 

compounds are associated with citrus, coconut, fruit and herbaceous aromas. 



79 
 

Esters are compounds formed during fermentation, distillation, and ageing in cachaças 

(Silva et al., 2023). In the cachaças stored in Amburana barrels analyzed, 14 compounds were 

identified (Figure 2B), including esters and fatty acid esters. 

Fatty acid esters contribute positively to the viscosity of the drink, giving it body, but high 

concentrations contribute negatively, as they are reminiscent of fat (Souza et al., 2025). Ethyl 

hexanoate, ethyl octanoate and ethyl heptanoate showed high concentrations in all the samples 

analyzed, making a positive contribution by imparting sweet and fruity aromas to the drinks. 

Another ester that showed greater expression was phenethyl acetate, whose precursor is 

phenylethyl alcohol (Ribeiro-Filho et al., 2021), which leads to fruity, floral, rose, honey and 

sweet aromas (Figure 1). Cachaças stored for up to 12 months in Amburana barrels showed a 

gradual increase in the concentration of esters, which are responsible for imparting fruity 

aromas to the drink (Santiago et al., 2016). 

Figure 2C illustrates the profile of aldehyde and ketone volatile compounds. We identified 

4 aldehydes and 4 ketones formed in the cachaças stored in Amburana barrels. Aldehydes with 

up to eight carbon atoms have an unpleasant aroma and those containing more than ten carbon 

atoms impart an unpleasant taste and aroma to beverages. Good manufacturing practices, 

fermentation control and adequate separation of head fractions are necessary to avoid the 

production of high concentrations of these compounds that interfere with the aromatic profile 

of the drink (Bortoletto et al., 2018; Alcarde et al., 2014). The aldehydes hexanal, nonanal, 

decanal and undecanal were identified in the cachaças stored in Amburana (Figure 2C). These 

compounds had low concentrations or were not present at all in the samples evaluated. They 

are compounds whose aromatic profile is reminiscent of sweet, floral, herbaceous, fruity and 

citrus. Among the ketones identified (Figure 2C), the β-Damascenone compound stands out, as 

it was present in all the samples analyzed, and in concentrations responsible for producing sweet 

and honey aromas (Figure 1). 
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A total of 16 terpenes were identified (Figure 4D) in the cachaças stored in Amburana 

barrels. The storage time of the drink, as well as the size and time of use of the barrels, can 

influence the compounds generated in the drink, with greater or lesser extraction of some of 

these terpenes that are related to storage in wood.   

Storage in Amburana barrels gives the drink aromatic compounds specific to this wood: β-

Curcumene is associated with woody aromas, while Nerolidol contributes floral and fruity 

aromas (Souza et al., 2025). Terpenes such as α-muurolene and δ-elemene are commonly 

generated during resting or aging in wooden barrels such as Amburana (Guedes et al., 2022; 

Bortoletto et al., 2021), contributing herbaceous and woody aromas (Figure 1). 

Souza et al. (2025), during the maturation of cachaças using Amburana chips, observed that 

the reuse of the chips altered the structure of the compounds formed, as is the case with the β-

Curcumene and trans-Calamenene compounds present in the first use and which were converted 

to their α-Curcumene and Calamenene isomers during reuse. This can also be explained for the 

cachaças stored in Amburana barrels analyzed, whose concentration of compounds produced 

or not produced may be related to the amount of reuse of these barrels, even generating different 

compounds depending on the amount of reuse. 

 

Non-volatile characterization of cachaças 

Figure 3 (A-C) and Supplementary Table 3 show the results of the non-volatile 

characterization of the 21 samples of cachaças stored in Amburana cearensis barrels, taking into 

account the content of total phenolic compounds (Figure 3A), color intensity (Figure 3B) and 

antioxidant activity (Figure 3C). The behavior of the cachaças was similar for all the analyses 

carried out. In general, a similar pattern was observed between the variables analyzed, with 

samples that had a higher concentration of phenolic compounds tending to exhibit greater color 
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intensity and antioxidant activity. Each region sampled had a standout drink: in the Sertão, 

sample US-02; in the Agreste, sample UA-09; and in the Mata region, sample UM-03. 

The total phenolic compounds (TPC) of the cachaças ranged from 0.73 to 61.88 mg 

GAE/L, showing a wide variability, even between drinks stored in barrels of the same plant 

species and from the same geographical region. This suggests that other factors have a greater 

influence on the extraction and formation of these compounds, such as the length of time the 

cachaça has been stored, the degree of toasting of the barrels, the number of times the barrel 

has been reused, the ratio between the volume of distillate and the volume of the container, the 

formation of blends and the alcohol content of the stored drink (Silva et al., 2023; Ratkovich et 

al., 2023).  

The results obtained for TPC are within the range reported by Bortoleto & Alcarde 

(2013), who evaluated brandies stored in barrels made from ten different types of wood and 

found concentrations of phenolic compounds ranging from 7 to 54.9 mg GAE/L. Amburana 

cearensis wood stood out for its higher phenolic content (54.9 mg GAE/L). In the present study, 

only sample US-02 had a higher phenolic content than that reported by Bortoletto & Alcarde 

(2013), possibly due to the specific production conditions, considering that commercial drinks 

can be stored in barrels with different degrees of toasting, times of use and number of reuses. 

On the other hand, it is understood that the higher the concentration of phenolic 

compounds, the greater the formation of visible color, measured by the spectral region of the 

420 to 495 nm range, characterized by the formation of chromophores that will confer, in 

addition to color intensity, aspects of yellow color and high saturation, as pointed out by Souza 

et al. (2025).  

However, this behavior was not strictly linear. For example, sample UA-09 had the 

highest content of phenolic compounds among the Agreste cachaças, but sample UA-12 

exhibited greater color intensity (Figure 3 B). This phenomenon can be explained by the 



82 
 

presence of different classes of phenolic compounds, as well as the contribution of other 

compounds, especially furfurals, which play a significant role in intensifying color. In addition, 

from the point of view of industrial production, Brazilian legislation (Brasil, 2022) allows the 

addition of colorants to aged cachaças, making it possible for some commercial drinks to have 

more intense coloring without necessarily containing higher levels of phenolic compounds. 

With regard to antioxidant activity (Figure 3 C), samples US-02, UA-09 and UM-03 

showed the highest percentages of DPPH radical inhibition, with values of 35.66%, 23.77% 

and 16.86%, respectively, while the other samples showed low antioxidant potential. The Sertão 

sample (US-02) was the only one to show antioxidant activity of over 30%, which can be 

attributed to its high content of total phenolic compounds. 

In comparison, Souza et al. (2025) reported antioxidant activity of approximately 20% 

for brandy stored with Amburana cearensis chips, a value lower than that found for the UA-09 

and US-02 samples in this study, despite the fact that they had lower concentrations of total 

phenolic compounds (∼70 mg GAE/L). This behavior reinforces the idea that antioxidant 

activity is not only related to the total content of phenolic compounds, but also to the specific 

chemical structure of these compounds and their ability to donate electrons or hydrogen. 

Higher antioxidant activity values can contribute to greater oxidative stability of the 

drink, helping to preserve its physicochemical and sensory characteristics over time (Yan et al., 

2023). Thus, in addition to the sensory influence, aging distillates in wooden barrels also 

provides bioactive compounds that can slow down oxidative processes and, consequently, 

increase the stability of the final product. 

 

 

 

 



83 
 

Conclusion 

A wide variability in the levels of compounds such as esters, aldehydes, higher alcohols, 

furfural and methanol was observed in the samples analyzed, reflecting differences in 

production practices, storage time and the conditions of the barrels used. 

The cachaças stored for longer generally had higher concentrations of ethyl carbamate, 

exceeding the limits allowed by Brazilian legislation in almost half of the samples, highlighting 

the importance of the quality of the sugar cane, strict control in distillation and separation of 

the fractions, as well as storage time. 

Analysis of the volatile profile revealed the presence of 45 compounds, especially higher 

alcohols, esters and terpenes responsible for the sweet, fruity, floral and woody aromas 

characteristic of Amburana wood. The diversity and intensity of the aromatic compounds also 

showed variations related to the number of barrels reused and the ageing time, with a direct 

impact on the sensory perception of the final product, indicating that undetermined barrel reuse 

can compromise the desired aromatic profile. Cachaças with a higher content of phenolic 

compounds generally showed greater color intensity and antioxidant activity. 

The data obtained reinforces the need for more detailed regulations regarding the 

minimum time and storage conditions for cachaças classified as “stored”. Regulating these 

criteria could help guarantee the safety, quality and sensory identity of the final product, as well 

as enhancing the value of the drink. 
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Table 1. Quality control parameters of cachaças stored barrel woody Amburana (Amburana cearensis). 

 

Sample 

Legal parameters 

ABV (%) 
v/v  

Volatile 

acidity 
(acetic 

acid)* 

Total esters 
(ethyl acetate)* 

Total aldehydes 
(acetaldehyde)* 

Sum of 

furfural and 

HMF* 

Sum of 
isobutyl, 

isoamyl and n-

propyl 
alcohols* 

Coeficiente de 
congêneres* 

Methanol* 1-butanol* 2-butanol* 

Ethyl 

carbamate 

(µg/L) 

Copper (mg/L) 

38-48 150 200 30 5 360 200-650 20 3 10 210 5 

UA-01 40.0 ± 0.1d 10.4 ± 0.01n 24.4 ± 0.1k 6.9 ± 0.06i 0.11 ± 0.01ij 263.3 ± 0.1e 305.1 ± 0.2n 5.17 ± 0.03de 0.78 ± 0.02de 2.51 ± 0.01a 152.8 ± 10.2fg 0.46 ± 0.02gh 

UA-02 40.0 ± 0.2d  56.3 ± 0.01k  15.3 ± 0.02l  4.7 ± 0.02l  0.11 ± 0.01ij  240.9 ± 0.6hi 317.3 ± 0.6m 4.74 ± 0.04g 0.77 ± 0.01def 0.49 ± 0.01i 216.2 ± 6.7e 1.00 ± 0.09fgh 

UA-03 40.0 ± 0.1d 74.1 ± 0.01h 28.9 ± 0.05j 3.6 ± 0.02p 0.29 ± 0.01e 229.5 ± 0.8j 336.4 ± 0.7l 4.48 ± 0.04h 0.91 ± 0.01bc 1.19 ± 0.01b 220.4 ± 7.3e 0.55 ± 0.1gh 

UA-04 39.0 ± 0.1e  86.1 ± 0.9f  23.8 ± 0.3k  3.2 ± 0.03q  0.16 ± 0.01ghi  208.2 ± 1.6l 321.4 ± 1.8m 3.83 ± 0.02j 0.66 ± 0.01gh 0.47 ± 0.01jk 155.0 ± 4.6fg 0.02 ± 0.01h 

UA-05 39.0 ± 0.2e 67.4 ± 0.9i 36.5 ± 0.5e 7.8 ± 0.02h 0.91 ± 0.01c 248.2 ± 0.1g 360.8 ± 1.1hi 6.00 ± 0.1b 0.78 ± 0.01de 0.47 ± 0.01jk 224.9 ± 12.0e 0.06 ± 0.02h 

UA-06 38.0 ± 0.2f 173.1 ± 1.6b 68.5 ± 0.2a 3.9 ± 0.01o 2.34 ± 0.07a 159.7 ± 0.03n 407.4 ± 1.6c 5.55 ± 0.04c 1.00 ± 0.03b 0.49 ± 0.01i 547.7 ± 18.4c 5.68 ± 0.3b 

UA-07 40.0 ± 0.2d 59.3 ± 0.01jk 35.0 ± 0.3f 9.2 ± 0.01e 0.15 ± 0.01hi 178.1 ± 0.4m 281.6 ± 0.1o 2.67 ± 0.06l 0.64 ± 0.01gh 0.47 ± 0.01j 68.0 ± 5.3h 6.94 ± 0.4a 

UA-08 39.0 ± 0.3e  97.8 ± 0.9d  35.2 ± 0.06f  4.2 ± 0.01n 0.13 ± 0.01ij 244.1 ± 0.2gh 381.4 ± 1.0fg 4.06 ± 0.02i 0.63 ± 0.01gh 0.58 ± 0.01g 292.7 ± 4.2d 2.99 ± 0.2cd 

UA-09 40.0 ± 0.2d 94.3 ± 2.3e 31.1 ± 0.2i 2.9 ± 0.02r 0.13 ± 0.01ij 249.3 ± 1.0g 377.7 ± 2.9g 3.77 ± 0.04j 0.59 ± 0.03h 1.02 ± 0.01c 170.2 ± 14.3f 1.41 ± 0.07efg 

UA-10 43.0 ± 0.1a  98.3 ± 0.8d  36.6 ± 0.2e  5.4 ± 0.01j  0.14 ± 0.01ij  179.5 ± 0.09m 320.0 ± 0.7m 3.27 ± 0.01k 0.27 ± 0.02j 0.41 ± 0.01n 74.3 ± 1.5h 3.04 ± 0.05cd 

UA-11 42.0 ± 0.2b 60.7 ± 1.4j 33.4 ± 0.04g 16.4 ± 0.06a 0.24 ± 0.01ef 289.6 ± 2.5d 400.4 ± 2.0d 4.83 ± 0.08fg 0.62 ± 0.03gh 0.45 ± 0.01l 57.1 ± 2.5hi 2.22 ± 0.04de 

UA-12 38.0 ± 0.1f 251.1 ± 1.6a 52.1 ± 0.3c 4.4 ± 0.02m 1.28 ± 0.01b 138.6 ± 0.7o 447.4 ± 1.8a 5.97 ± 0.05b 0.30 ± 0.01j 0.56 ± 0.01h 313.8 ± 1.2d 2.89 ± 0.2cd 

UA-13 41.0 ± 0.2c 60.7 ± 0.01j 32.4 ± 0.4d 8.1 ± 0.2g 0.41 ± 0.01d 288.5 ± 7.5d 390.1 ± 8.1e 5.31 ± 0.2d 0.66 ± 0.01fgh 0.61 ± 0.01f 637.0 ± 18.2a 2.07 ± 0.02def 

UA-14 39.0 ± 0.2e 124.6 ± 0.01c 50.6 ± 0.07d 5.0 ± 0.03k 0.12 ± 0.01ij 181.9 ± 0.2m 362.2 ± 0.2h 4.06 ± 0.05i 0.73 ± 0.03efg 0.78 ± 0.01d 30.0 ± 3.9ij 3.57 ± 1.1c 

UA-15 41.0 ± 0.1c 26.0 ± 1.4m 9.3 ± 0.02o 15.1 ± 0.03b 0.08 ± 0.01j 235.9 ± 0.1i 286.4 ± 1.6o 4.71 ± 0.03g 0.46 ± 0.01i 0.43 ± 0.01m 220.2 ± 9.4e 1.04 ± 0.06fgh 

UM-01 41.0 ± 0.3c 27.0 ± 0.8m 13.7 ± 0.1m 10.5 ± 0.03c 0.15 ± 0.01hi 256.7 ± 0.06f 307.9 ± 0.9n 4.99 ± 0.01ef 0.34 ± 0.01j 0.44 ± 0.01m 32.7 ± 10.4i 0.45 ± 0.01gh 

UM-02 39.0 ± 0.1e 93.2 ± 0.9e 36.6 ± 0.04e 5.5 ± 0.01j 0.21 ± 0.01fg 220.0 ± 0.5k 355.5 ± 0.9ij 4.65 ± 0.02gh 0.55 ± 0.01hi 0.46 ± 0.01kl 125.2 ± 10.6g 5.42 ± 1.2b 

UM-03 43.0 ± 0.2a 25.7 ± 0.8m 6.4 ± 0.03p 8.2 ± 0.01fg 0.11 ± 0.01ij 304.6 ± 0.09b 345.1 ± 0.9k 3.77 ± 0.03j 0.80 ± 0.02de 0.44 ± 0.01m 228.3 ± 3.3e 1.15 ± 0.02efgh 
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UM-04 40.0 ± 0.1d 38.0 ± 0.9l 6.9 ± 0.03p 7.9 ± 0.05h 0.20 ± 0.01fgh 298.3 ± 0.4c 351.4 ± 0.5jk 6.26 ± 0.01a 0.86 ± 0.05cd 0.64 ± 0.01e 604.8 ± 18.3b 1.44 ± 0.01efg 

US-01 40.0 ± 0.1d 79.0 ± 0.9g 53.1 ± 0.07b 8.3 ± 0.02f 0.15 ± 0.01ghi 246.3 ± 0.3gh 386.9 ± 0.8ef 4.99 ± 0.01ef 0.65 ± 0.01gh 0.45 ± 0.01l n.d. 0.91 ± 0.1gh 

US-02 40.0 ± 0.2d 60.2 ± 0.9j 11.7 ± 0.1n 10.2 ± 0.06d 0.95 ± 0.03c 331.6 ± 1.3a 414.7 ± 1.2b 6.03 ± 0.04b 1.27 ± 0.1a 0.50 ± 0.01i 151.8 ± 6.7fg 0.17 ± 0.02h 

*mg/100mL anhydrous alcohol; UA - Cachaças of Agreste; UM - Cachaças of Mata; US - Cachaças of Sertão. Different letters in the same column differ by tukey test (0.05). n.d. - not determined. Acrolein not 

determined.  
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Figure 1. Wheel of aromatic volatile compounds produced in Paraiba cachaças stored in 

Amburana barrels and their aroma descriptors. 

 

 
 

Basead in (Supplementary table 2). References: Welke et al. (2014); Costa et al. (2008); Zhang 

et al. (2020); Wang et al. (2023); Zhao et al. (2024); Amorim et al. (2016); Bortoletto et al. 

(2021); Gonzalez-Robles & Cook (2016), Gabetti, et al. (2021).  
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Figure 2. Heat map for the volatile profile in Paraiba cachaças stored in Amburana barrels 
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Figure 3. Determination of total phenolic compound (TPC) content, colour intensity and antioxidant activity by DPPH radical inhibition for 

commercial cachaças stored in Amburana cearensis barrels. 

 

 

Note(s): Different lowercase letters indicate significant differences between the samples (Tukey's HSD, post-hoc test, P <0.05). 
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Supplementary table 1. Storage of cachaças from Paraíba in Amburana  

(Amburana cearenses) barrels. 

Sample 
Storeged 

Time Use Container 

UA-01 6 months reuse barrel > 700 L 

UA-02 12 months reuse barrel > 700 L 

UA-03 12 months reuse barrel > 700 L 

UA-04 12 months reuse barrel > 700 L 

UA-05 12 months reuse barrel > 700 L 

UA-06 4 months reuse barrel > 700 L 

UA-07 4 months reuse barrel > 700 L 

UA-08 4 months reuse barrel > 700 L 

UA-09 6 months 1º use barrel > 700 L 

UA-10 6 months 1º use barrel > 700 L 

UA-11 6 months reuse barrel > 700 L 

UA-12 6 months reuse barrel > 700 L 

UA-13 > 4 years reuse barrel > 700 L 

UA-14 12 months reuse barrel > 700 L 

UA-15 12 months 1º use barrel > 700 L 

UM-01 12 months 1º use barrel > 700 L 

UM-02 6 months reuse barrel > 700 L 

UM-03 12 months reuse barrel < 700 L 

UM-04 12 months reuse barrel > 700 L 

US-01 6 months reuse barrel > 700 L 

US-02 12 months reuse barrel > 700 L 
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Supplementary Table 2.  Volatile profile of cachaças from Paraíba stored in Amburana (Amburana cearenses) barrels. 

COV CAS Odor described 
Samples (mg/L) 

UA-01 UA-02 UA-03 UA-04 UA-05 UA-06 UA-07 

Alcohols   
       

3-Methyl-1-butanol 123-51-3 Fruity3,8, alcohol5,8, sweet8. 179.67 ± 12.95kl 372.14 ± 35.79efg 313.84 ± 17.64fgh 92.64 ± 6.88m 299.25 ± 9.90ghi 183.85 ± 25.16jkl 348.66 ± 4.95efg 

2-Methyl-1-butanol 137-32-6  Alcohol5,8, fruity8, sweet8. 58.66 ± 3.75jk 134.73 ± 17.00fg 104.62 ± 6.79ghi 0.51 ± 0.06l 111.47 ± 2.32fgh 58.64 ± 7.23jk 135.58 ± 2.61fg 

2-Heptanol 543-49-7  Lemon1, orange1. 3.93 ± 0.21efg 5.05 ± 0.62efg 7.09 ± 0.84bcd 5.28 ± 0.54defg 7.44 ± 0.50bc 8.92 ± 1.36b 12.14 ± 0.67a 

1-Octanol 111-87-5 Coconut6, walnut6, oily6. 2.52 ± 0.41lm 4.43 ± 0.66hijkl 9.36 ± 0.80d 8.86 ± 0.14de 6.02 ± 0.50ghij 3.72 ± 0.51jkl 6.29 ± 0.64fghi 

2-Nonanol 628-99-9 Fruity1, green1. 2.92 ± 0.35hi 4.39 ± 0.44fg 3.88 ± 0.47fgh 3.57 ± 0.37gh 4.80 ± 0.60f 6.06 ± 0.40e 11.23 ± 0.57b 

Phenylethyl Alcohol 60-12-8 Honey1, rose1,7, flowery5,7, sweet7. 4.23 ± 0.54hij 29.45 ± 2.41c 7.12 ± 0.89ghij 13.85 ± 1.88efg 20.63 ± 3.20de 4.46 ± 0.52hij 3.46 ± 0.41ij 

2-Undecanol 1653-30-1  Fruity1. 2.58 ± 0.39ghij 5.20 ± 0.77de 4.62 ± 0.22ef 3.02 ± 0.41fghi 6.76 ± 0.92cd 3.88 ± 0.30efgh 4.36 ± 0.09efg 

Esters   
       

Ethyl Acetate 141-78-6 Fruity1,3, pineapple1.7. 33.31 ± 2.23j 38.02 ± 2.85ij 79.45 ± 5.85fg 53.24 ± 6.09hij 79.24 ± 1.28fg 118.03 ± 15.16bcd 128.95 ± 0.68bc 

Ethyl butanoate 105-54-4  
Strawberry1, apple1, pineapple3,7, 

fruity5. 
0.53 ± 0.01hi 0.96 ± 0.05gh 1.44 ± 0.11fg 0.97 ± 0.15gh 2.60 ± 0.12bcd 2.32 ± 0.27cde 2.82 ± 0.03bc 

Isoamyl acetate 123-92-2  Sweet1, fruity1, banana1,3,5,7. 3.50 ± 0.32i 10.95 ± 1.02efg 12.12 ± 0.93efg 8.00 ± 1.10gh 23.17 ± 1.43c 17.54 ± 1.24d 29.27 ± 0.23b 

Ethyl hexanoate 123-66-0 
Sweet1,7, green apple1.6, fruity5,6,7, 

anise7. 
7.57 ± 0.05k 8.03 ± 1.15k 29.09 ± 3.36hi 25.09 ± 4.11i 38.43 ± 2.43gh 43.14 ± 3.66fg 86.71 ± 5.98a 

Ethyl heptanoate 106-30-9  Fruity1. 2.50 ± 0.32hi n.d. 6.48 ± 0.45def 4.86 ± 0.82fg 6.37 ± 0.22def 4.16 ± 0.26gh 5.21 ± 0.11fg 

Ethyl octanoate 106-32-1 
Sweet1,6, fruity1,6,7, pear1, apple6, 

lemon7, anise7. 
373.0 ± 10.40e 735.6 ± 90.71d 1098.9 ± 65.38c 640.9 ± 45.25d 1091.1 ± 27.39c 1035.9 ± 104.46c 1515.6 ± 26.91b 

Ethyl phenylacetate 101-97-3  Flowery5. 0.58 ± 0.05jkl 1.32 ± 0.19ghij 1.88 ± 0.32fgh 1.33 ± 0.12ghij 2.46 ± 0.10def 0.42 ± 0.08kl 2.11 ± 0.05efg 

Phenethyl acetate 103-45-7 
Flowery1,5, roses,6, honey1, Sweet6, 

apple6. 
7.51 ± 0.77fghi 15.29 ± 1.83cdef 10.80 ± 1.46efg 9.71 ± 1.44fgh 11.62 ± 0.43efg 8.96 ± 1.21fgh 12.77 ± 1.56efg 

Ethyl nonanoate 123-29-5  Fruity1, flowery1. 23.74 ± 0.78kl 42.61 ± 5.78hij 75.36 ± 2.43de 30.87 ± 2.02ijk 74.54 ± 4.78de 62.44 ± 7.77efg 28.21 ± 0.74jkl 

Ethyl decanoate 110-38-3  Fruity1, grape1.7. 1222.9 ± 21.65jk 2520.4 ± 344.29gh 3426.8 ± 253.10e 1707.0 ± 94.90ij 2583.8 ± 75.50gh 2427.3 ± 137.05gh 3342.7 ± 60.21ef 

Isoamyl octanoate 2035-99-6  Sweet1, fruity1, cream1, oily1. 11.05 ± 0.40mn 35.60 ± 5.22ijk 80.44 ± 7.37cd 13.74 ± 1.74mn 44.67 ± 1.77ghi 31.30 ± 1.94ijkl 43.65 ± 1.15hi 

Ethyl laurate 106-33-2  
Sweet1.5,7, flowery1,7, fruity1, 

cream1, soap7. 
464.8 ± 7.72k 1125.7 ± 184.41hi 1711.1 ± 158.80cde 856.2 ± 67.14j 1146.3 ± 32.97hi 976.2 ± 52.15ij 1744.7 ± 37.90cd 
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Ethyl palmitate 628-97-7 Sweet1, fruity1 ,fatty1.7, rancid1.7. 33.67 ± 2.09hi 18.79 ± 3.26i 274.34 ± 41.57b 113.62 ± 19.15fg 154.11 ± 5.23ef 147.91 ± 21.43ef 229.60 ± 12.57bc 

Ethyl linoleate 544-35-4 Fruity5, fatty7. 1.96 ± 0.55efgh 2.03 ± 0.25efgh 18.44 ± 5.63a 4.61 ± 0.76cdef 3.57 ± 0.34cdefgh 4.15 ± 0.33cdefg 5.70 ± 0.33cde 

Aldehydes          

Hexanal 66-25-1 Sweet1, orange1. 0.78 ± 0.08j 1.48 ± 0.10de 1.42 ± 0.09def 0.84 ± 0.11hij 1.93 ± 0.11bc 1.23 ± 0.21efg 0.90 ± 0.04ghij 

Nonanal 124-19-6 Flowery1, citrus1,2, green2, fatty2. 9.06 ± 0.41l 21.44 ± 2.43def 26.69 ± 1.36bc 13.04 ± 2.12ijkl 21.14 ± 0.94def 22.49 ± 1.74cde 10.69 ± 1.20kl 

Decanal 112-31-2  Grassy1, orange1. 1.90 ± 0.14jk 5.94 ± 1.14efghi 6.88 ± 0.91efghi 4.29 ± 0.44ghijk 7.86 ± 0.51defgh 4.12 ± 0.50hijk 9.53 ± 0.49cde 

Undecanal 112-44-7  Flowery1. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ketones         

2-Nonanone 821-55-6 Fruity1. 0.62 ± 0.08f 2.58 ± 0.30c 1.23 ± 0.18ef 0.57 ± 0.05f 1.38 ± 0.16def 0.68 ± 0.08f 0.71 ± 0.05ef 

β-Damascenone 23726-93-4  Sweet1, honey1. 13.16 ± 0.68gh 30.03 ± 3.23d 47.60 ± 3.26ab 25.65 ± 2.92de 28.55 ± 1.00de 27.77 ± 3.43de 28.52 ± 1.37de 

Geranyl acetone 3796-70-1 Flowery1 1.15 ± 0.03c 2.30 ± 0.36b 3.49 ± 0.62a n.d. n.d. n.d. n.d. 

(E)-β-Ionone 79-77-6 Woody,4, flowery4. 0.10 ± 0.02ef 0.53 ± 0.06e 2.32 ± 0.40b 0.46 ± 0.05ef 2.09 ± 0.34bc 2.44 ± 0.37ab 0.41 ± 0.06ef 

Terpenes         

p-Cymene 99-87-6 Fruity1, sweet1, citrus2. n.d. n.d. n.d. n.d. 1.46 ± 0.15d n.d. n.d. 

Limonene 138-86-3  Citrus2, fresh2. n.d. n.d. n.d. n.d. 5.41 ± 0.76b n.d. n.d. 

Linalool 78-70-6 
Sweet1, citrus1,2, grape1, 
flowery1,2,3,7,8.9, lavander2,8,9. 

n.d. 5.65 ± 0.62b n.d. n.d. n.d. n.d. n.d. 

Menthol 1490-04-6 Minty9. n.d. 3.75 ± 0.50d 3.01 ± 0.31d n.d. 2.83 ± 0.38d n.d. n.d. 

β-Cyclocitral 432-25-7  Fruity4, herbaceous4. n.d. n.d. n.d. 3.71 ± 0.45c 19.86 ± 2.45a n.d. n.d. 

Citronellol 106-22-9 
Citrus1, sweet1.8, oily4, rose4,8, 
flowery8. 

2.47 ± 0.04ij 7.77 ± 0.74bc 6.37 ± 0.85de 4.45 ± 0.33fgh 4.32 ± 0.26gh 2.62 ± 0.42ij 5.69 ± 0.25ef 

β-Elemene 515-13-9  
Herbaceous2, woody2, green2, 
sweet3. 

n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

(E)-β-Famesene 18794-84-8  Woody3,4, sweet4. 5.79 ± 0.76ghi 30.28 ± 1.35d 17.41 ± 1.11ef 11.59 ± 1.07fgh 15.86 ± 1.07ef 5.32 ± 0.59hi 12.91 ± 0.72f 

α-Curcumene 644-30-4  Herbaceous2, woody2. 0.70 ± 0.07gh 2.45 ± 0.02bc 0.52 ± 0.08hi 0.58 ± 0.08h 0.67 ± 0.03h n.d. n.d. 

α-Muurolene 10208-80-7  Woody2,4. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

α-Farnesene 502-61-4  Fruity3. 3.98 ± 0.04gh 22.73 ± 3.64bc 7.89 ± 1.38fg 9.17 ± 0.86efg 10.50 ± 1.35ef 4.00 ± 0.31gh 9.76 ± 0.28efg 
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δ-Cadinene 483-76-1  
Woody2,3, sweet2, medicinal2, 
thyme4, herbaceous4. 

n.d. n.d. 3.96 ± 0.37de 1.38 ± 0.10ghi 3.10 ± 0.39def 1.72 ± 0.20fgh 2.75 ± 0.17efg 

α-Calacorene 21391-99-1  Woody2. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Nerolidol 7212-44-4 
Apple1, citrus1, rose1,7, green1, 
flowery4, woody7. 

45.10 ± 5.82h 240.24 ± 27.47b 81.97 ± 11.47g 85.38 ± 4.11g 129.35 ± 3.64de 36.15 ± 0.70h 80.74 ± 1.22g 

Bisabolol 515-69-5 Spicy2, flowery2, peppery7. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Farnesol 4602-84-0 Flowery1, medicinal7. 4.14 ± 0.42defgh 18.28 ± 2.64b 9.02 ± 2.87c 4.55 ± 0.29defg 4.71 ± 0.69cdefg 1.27 ± 0.15gh 3.54 ± 0.43efgh 

COV CAS Odor described 
Samples (mg/L) 

UA-08 UA-09 UA-10 UA-11 UA-12 UA-13 UA-14 

Alcohols   
       

3-Methyl-1-butanol 123-51-3 Fruity3,8, alcohol5,8, sweet8. 403.74 ± 40.04de 547.29 ± 14.30ab 450.98 ± 1.91cd 598.92 ± 64.55a 140.32 ± 19.50lm 327.93 ± 32.09efgh 228.01 ± 6.08ijk 

2-Methyl-1-butanol 137-32-6  Alcohol5,8, fruity8, sweet8. 170.87 ± 0.59de 203.40 ± 9.59abc 211.11 ± 1.51ab 228.12 ± 33.66a 38.14 ± 0.09k 131.66 ± 4.75fg 80.38 ± 2.09hij 

2-Heptanol 543-49-7  Lemon1, orange1. 8.99 ± 0.35b 5.49 ± 0.91def 8.31 ± 0.81b 5.84 ± 0.11cde 3.75 ± 0.26fg 5.35 ± 0.78def 7.23 ± 0.37bcd 

1-Octanol 111-87-5 Coconut6, walnut6, oily6. 13.53 ± 2.50c 20.39 ± 1.03a 8.17 ± 1.11defg 4.07 ± 0.66ijkl 0.93 ± 0.10m 7.53 ± 0.33defg 3.02 ± 0.13klm 

2-Nonanol 628-99-9 Fruity1, green1. 10.99 ± 0.15b 12.35 ± 0.56a 7.77 ± 0.31cd 1.51 ± 0.01j 2.88 ± 0.08hi 2.30 ± 0.37ij 6.89 ± 0.27de 

Phenylethyl Alcohol 60-12-8 Honey1, rose1,7, flowery5,7, sweet7. 8.02 ± 1.40ghi 16.98 ± 2.27ef 26.41 ± 4.66cd 36.63 ± 2.38b 8.77 ± 0.83ghi 38.16 ± 0.10b 16.56 ± 0.61ef 

2-Undecanol 1653-30-1  Fruity1. 10.59 ± 0.39b 14.42 ± 2.05a n.d. 7.69 ± 1.12c 1.46 ± 0.13ijkl 5.07 ± 0.32de 7.17 ± 0.05c 

Esters   
       

Ethyl Acetate 141-78-6 Fruity1,3, pineapple1.7. 130.36 ± 17.52b 127.84 ± 6.40bc 165.10 ± 2.22a 101.97 ± 11.22de 87.47 ± 10.02ef 69.92 ± 7.80fgh 139.37 ± 4.26b 

Ethyl butanoate 105-54-4  
Strawberry1, apple1, pineapple3,7, 

fruity5. 
1.67 ± 0.01f 2.02 ± 0.20def 2.95 ± 0.04b 2.54 ± 0.35bcd 2.40 ± 0.31bcde 4.40 ± 0.25a 3.84 ± 0.15a 

Isoamyl acetate 123-92-2  Sweet1, fruity1, banana1,3,5,7. 17.70 ± 2.88d 22.07 ± 1.59c 39.48 ± 1.22a 23.40 ± 3.60c 9.38 ± 1.32fg 4.12 ± 0.65hi 14.16 ± 0.74de 

Ethyl hexanoate 123-66-0 
Sweet1,7, green apple1.6, fruity5,6,7, 

anise7. 
50.21 ± 1.53f 20.09 ± 1.18ij 78.67 ± 2.83abc 74.70 ± 5.15bc 10.89 ± 0.29jk 62.23 ± 1.71de 68.47 ± 5.39cd 

Ethyl heptanoate 106-30-9  Fruity1. 4.96 ± 0.08fg 7.31 ± 0.59de n.d. 8.01 ± 0.82d 6.45 ± 0.16def 14.78 ± 0.01b 6.53 ± 0.33def 

Ethyl octanoate 106-32-1 
Sweet1,6, fruity1,6,7, pear1, apple6, 

lemon7, anise7. 
1541.2 ± 125.62b 1230.9 ± 16.55c 1665.2 ± 1.17b 2044.3 ± 196.74a 347.6 ± 6.02e 1050.9 ± 3.42c 1232.7 ± 37.17c 

Ethyl phenylacetate 101-97-3  Flowery5. 1.15 ± 0.19hijk 1.89 ± 0.12fgh 2.83 ± 0.29de 3.10 ± 0.53cd 0.78 ± 0.06jkl 1.67 ± 0.23fghi 0.98 ± 0.14ijk 

Phenethyl acetate 103-45-7 
Flowery1,5, roses,6, honey1, Sweet6, 

apple6. 
34.09 ± 5.04b 31.16 ± 2.24b 22.47 ± 1.81c 12.04 ± 0.42efg 6.21 ± 0.35ghi 13.41 ± 0.05defg 10.59 ± 1.49efg 
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Ethyl nonanoate 123-29-5  Fruity1, flowery1. 64.01 ± 7.14ef 101.97 ± 2.71c 70.55 ± 0.84de 137.83 ± 1.80b 25.12 ± 0.03kl 109.69 ± 3.10c 44.46 ± 0.78hi 

Ethyl decanoate 110-38-3  Fruity1, grape1.7. 4771.9 ± 355.42ab 4000.9 ± 48.40cd 4283.2 ± 47.60bc 5129.0 ± 352.13a 692.1 ± 4.87l 2416.4 ± 177.83gh 2813.4 ± 53.89fg 

Isoamyl octanoate 2035-99-6  Sweet1, fruity1, cream1, oily1. 105.72 ± 0.61b 58.31 ± 0.65fgh 70.28 ± 1.70def 158.93 ± 16.04a 1.71 ± 0.14n 38.71 ± 5.26ij 23.58 ± 2.28klm 

Ethyl laurate 106-33-2  
Sweet1.5,7, flowery1,7, fruity1, 
cream1, soap7. 

2052.5 ± 14.31b 1541.2 ± 33.38def 2496.9 ± 35.71a 2474.4 ± 109.83a 319.7 ± 48.44k 1174.4 ± 10.11hi 1420.3 ± 55.21fg 

Ethyl palmitate 628-97-7 Sweet1, fruity1 ,fatty1.7, rancid1.7. 57.01 ± 8.40hi 263.79 ± 35.41bc 126.59 ± 2.54f 528.59 ± 15.96a 14.74 ± 1.28i 178.73 ± 15.48de 69.98 ± 0.90gh 

Ethyl linoleate 544-35-4 Fruity5, fatty7. 3.10 ± 0.04defgh 4.32 ± 0.78cdefg n.d. 7.60 ± 0.50c 0.41 ± 0.03gh 4.05 ± 0.57cdefg n.d. 

Aldehydes          

Hexanal 66-25-1 Sweet1, orange1. 1.65 ± 0.26bcd 1.18 ± 0.09efgh 1.96 ± 0.02b 1.59 ± 0.05cd 0.78 ± 0.12j 1.14 ± 0.09fghi 3.02 ± 0.16a 

Nonanal 124-19-6 Flowery1, citrus1,2, green2, fatty2. 22.65 ± 2.84cde 41.27 ± 2.38a 38.97 ± 0.69a 28.99 ± 0.07b 14.93 ± 0.24hijk 17.95 ± 0.06fgh 15.48 ± 1.12ghij 

Decanal 112-31-2  Grassy1, orange1. 7.16 ± 0.07efghi 5.17 ± 0.77fghij 8.84 ± 0.74def 13.59 ± 1.60b 7.41 ± 0.90efghi 7.58 ± 0.82efgh 11.73 ± 0.27bcd 

Undecanal 112-44-7  Flowery1. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ketones         

2-Nonanone 821-55-6 Fruity1. 1.20 ± 0.17ef 2.22 ± 0.12cd 2.47 ± 0.33c 0.77 ± 0.12ef 1.02 ± 0.18ef 1.58 ± 0.03de 0.96 ± 0.05ef 

β-Damascenone 23726-93-4  Sweet1, honey1. 45.32 ± 1.86abc 44.84 ± 3.02bc 38.05 ± 0.56c 52.73 ± 0.34a 6.13 ± 0.03hi 21.01 ± 0.79ef 17.35 ± 0.88fg 

Geranyl acetone 3796-70-1 Flowery1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

(E)-β-Ionone 79-77-6 Woody,4, flowery4. 1.05 ± 0.10d n.d. n.d. 2.90 ± 0.08a n.d. n.d. n.d. 

Terpenes         

p-Cymene 99-87-6 Fruity1, sweet1, citrus2. n.d. n.d. 1.95 ± 0.15d n.d. 0.92 ± 0.09e n.d. n.d. 

Limonene 138-86-3  Citrus2, fresh2. 1.12 ± 0.21cde n.d. 1.50 ± 0.02cde 2.74 ± 0.32c 0.69 ± 0.03de n.d. n.d. 

Linalool 78-70-6 
Sweet1, citrus1,2, grape1, 
flowery1,2,3,7,8.9, lavander2,8,9. 

n.d. n.d. 9.87 ± 0.25a n.d. n.d. n.d. n.d. 

Menthol 1490-04-6 Minty9. 2.46 ± 0.39d 14.21 ± 2.28a 2.46 ± 0.37d n.d. 2.55 ± 0.02d 2.29 ± 0.13d n.d. 

β-Cyclocitral 432-25-7  Fruity4, herbaceous4. n.d. 9.69 ± 0.19b n.d. 3.28 ± 0.30cd 1.34 ± 0.01e 1.49 ± 0.09de n.d. 

Citronellol 106-22-9 
Citrus1, sweet1.8, oily4, rose4,8, 
flowery8. 

8.92 ± 0.66ab 8.96 ± 0.02ab 6.31 ± 0.12de 7.20 ± 0.12cd 1.48 ± 0.20jk 3.53 ± 0.35hi 4.59 ± 0.69fgh 

β-Elemene 515-13-9  
Herbaceous2, woody2, green2, 
sweet3. 

n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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(E)-β-Famesene 18794-84-8  Woody3,4, sweet4. 28.14 ± 0.71d 29.46 ± 3.82d 36.98 ± 0.73bc 32.40 ± 2.48cd 2.60 ± 0.25i 16.04 ± 2.27ef 12.04 ± 1.47fg 

α-Curcumene 644-30-4  Herbaceous2, woody2. 1.89 ± 0.13cde 2.94 ± 0.11b 3.03 ± 0.37b 2.92 ± 0.30b n.d. 2.28 ± 0.27c 2.32 ± 0.32c 

α-Muurolene 10208-80-7  Woody2,4. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

α-Farnesene 502-61-4  Fruity3. 14.20 ± 0.57de 18.44 ± 2.48cd 24.47 ± 1.23bc 22.08 ± 0.28bc 0.89 ± 0.08h 9.37 ± 0.98efg 11.35 ± 0.28ef 

δ-Cadinene 483-76-1  
Woody2,3, sweet2, medicinal2, 
thyme4, herbaceous4. 

3.29 ± 0.55de 3.73 ± 0.28de 4.37 ± 0.29d n.d. 0.58 ± 0.07hi n.d. n.d. 

α-Calacorene 21391-99-1  Woody2. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Nerolidol 7212-44-4 
Apple1, citrus1, rose1,7, green1, 
flowery4, woody7. 

96.32 ± 0.21fg 128.56 ± 11.66de 140.02 ± 6.66de 224.44 ± 4.95bc 20.02 ± 1.09h 121.64 ± 7.75ef 110.40 ± 7.95efg 

Bisabolol 515-69-5 Spicy2, flowery2, peppery7. n.d. n.d. 0.98 ± 0.01d n.d. n.d. n.d. n.d. 

Farnesol 4602-84-0 Flowery1, medicinal7. 3.60 ± 0.59efgh 1.53 ± 0.23gh 4.79 ± 0.35cdefg 14.14 ± 1.38b n.d. 6.14 ± 0.83cdef 8.11 ± 0.19cd 

COV CAS Odor described 
Samples (mg/L) 

UA-15 UM-01 UM-02 UM-03 UM-04 US-01 US-02 

Alcohols   
       

3-Methyl-1-butanol 123-51-3 Fruity3,8, alcohol5,8, sweet8. 369.43 ± 23.38efg 497.84 ± 18.51bc 498.38 ± 3.09bc 607.99 ± 32.37a 94.17 ± 3.21m 260.18 ± 31.92hij 385.98 ± 17.32def 

2-Methyl-1-butanol 137-32-6  Alcohol5,8, fruity8, sweet8. 140.92 ± 5.24ef 190.84 ± 4.73bcd 183.51 ± 3.89bcd 231.67 ± 12.01a 36.38 ± 2.32k 79.17 ± 4.30ij 176.77 ± 14.41cd 

2-Heptanol 543-49-7  Lemon1, orange1. 3.35 ± 0.30g n.d. 11.21 ± 1.21a 8.72 ± 0.37b 0.84 ± 0.04h 4.39 ± 0.28efg n.d. 

1-Octanol 111-87-5 Coconut6, walnut6, oily6. 5.05 ± 0.47hijk 6.71 ± 0.79efgh 4.98 ± 0.36hijk 12.39 ± 0.10c 2.18 ± 0.16lm 17.38 ± 0.52b 8.53 ± 0.47def 

2-Nonanol 628-99-9 Fruity1, green1. 3.01 ± 0.37hi n.d. 8.27 ± 0.32c n.d. n.d. n.d. n.d. 

Phenylethyl Alcohol 60-12-8 Honey1, rose1,7, flowery5,7, sweet7. 69.86 ± 7.16a 40.00 ± 0.44b 16.45 ± 0.78ef 3.61 ± 0.25ij 0.71 ± 0.06j 11.00 ± 0.91fgh 4.61 ± 0.57hij 

2-Undecanol 1653-30-1  Fruity1. 0.33 ± 0.05kl n.d. n.d. 4.32 ± 0.24efg 0.98 ± 0.15jkl n.d. 2.14 ± 0.18hijk 

Esters   
       

Ethyl Acetate 141-78-6 Fruity1,3, pineapple1.7. 32.68 ± 1.70j 58.09 ± 2.29ghi 132.26 ± 1.99b 33.02 ± 2.15j 5.49 ± 0.33k 107.87 ± 7.78cde 41.01 ± 1.74ij 

Ethyl butanoate 105-54-4  
Strawberry1, apple1, pineapple3,7, 

fruity5. 
1.71 ± 0.06f 2.96 ± 0.07b 2.73 ± 0.04bc 4.34 ± 0.36a 0.30 ± 0.03i 1.88 ± 0.06ef 4.29 ± 0.42a 

Isoamyl acetate 123-92-2  Sweet1, fruity1, banana1,3,5,7. 11.85 ± 0.75efg 12.19 ± 1.05efg 28.43 ± 0.66b 12.50 ± 1.86ef 4.56 ± 0.10hi 3.20 ± 0.22i 9.24 ± 0.50fg 

Ethyl hexanoate 123-66-0 
Sweet1,7, green apple1.6, fruity5,6,7, 

anise7. 
26.97 ± 2.24i 53.66 ± 5.10ef 69.91 ± 1.35cd 79.25 ± 7.23abc 9.33 ± 0.83jk 85.13 ± 0.86ab 49.66 ± 4.68f 
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Ethyl heptanoate 106-30-9  Fruity1. 5.77 ± 0.36efg 10.55 ± 0.51c n.d. 18.31 ± 1.79a 1.19 ± 0.04ij 8.08 ± 0.85d 4.42 ± 0.72g 

Ethyl octanoate 106-32-1 
Sweet1,6, fruity1,6,7, pear1, apple6, 
lemon7, anise7. 

703.5 ± 38.74d 1581.4 ± 50.76b 1708.0 ± 19.65b 1576.9 ± 90.79b 268.1 ± 17.04e 1151.9 ± 21.94c 1141.2 ± 90.71c 

Ethyl phenylacetate 101-97-3  Flowery5. 2.37 ± 0.40def 4.02 ± 0.08b 2.90 ± 0.19de 3.92 ± 0.78bc n.d. 7.10 ± 0.20a 1.94 ± 0.15fgh 

Phenethyl acetate 103-45-7 
Flowery1,5, roses,6, honey1, Sweet6, 
apple6. 

88.67 ± 10.46a 18.32 ± 0.43cde 21.35 ± 1.07cd n.d. 1.97 ± 0.27hi n.d. 6.91 ± 0.34fghi 

Ethyl nonanoate 123-29-5  Fruity1, flowery1. 29.17 ± 1.42ijk 80.06 ± 7.14d 27.76 ± 1.05jkl 277.45 ± 15.90a 12.70 ± 0.87l 47.32 ± 0.70gh 53.62 ± 6.16fgh 

Ethyl decanoate 110-38-3  Fruity1, grape1.7. 2441.0 ± 123.82gh 4001.1 ± 108.20cd 4306.1 ± 22.16bc 3807.3 ± 121.39cde 734.2 ± 14.94kl 2141.3 ± 20.11hi 3663.4 ± 240.97de 

Isoamyl octanoate 2035-99-6  Sweet1, fruity1, cream1, oily1. 59.10 ± 5.41fg 89.31 ± 5.43c 78.26 ± 1.01cde 69.33 ± 3.42def 17.74 ± 0.57lm 25.51 ± 2.15jklm 69.89 ± 5.52ef 

Ethyl laurate 106-33-2  
Sweet1.5,7, flowery1,7, fruity1, 
cream1, soap7. 

1348.1 ± 86.96fgh 2193.4 ± 106.07b 2695.9 ± 53.47a 1795.2 ± 12.91c 426.7 ± 19.37k 1253.5 ± 16.78gh 1494.2 ± 12.54ef 

Ethyl palmitate 628-97-7 Sweet1, fruity1 ,fatty1.7, rancid1.7. 158.67 ± 19.98ef 218.03 ± 12.34cd 259.24 ± 3.05bc 135.14 ± 10.55ef 73.69 ± 6.52gh 11.27 ± 0.80i 18.77 ± 1.33i 

Ethyl linoleate 544-35-4 Fruity5, fatty7. 14.26 ± 1.06b 6.64 ± 0.60cd 13.33 ± 0.01b 1.28 ± 0.11fgh 1.09 ± 0.10fgh n.d. n.d. 

Aldehydes          

Hexanal 66-25-1 Sweet1, orange1. 0.73 ± 0.01j 1.45 ± 0.03def 1.46 ± 0.13def 1.19 ± 0.08efg 0.24 ± 0.03j 0.80 ± 0.04ij 0.95 ± 0.01ghij 

Nonanal 124-19-6 Flowery1, citrus1,2, green2, fatty2. 11.68 ± 0.24jkl 19.93 ± 1.19efg 16.39 ± 1.74ghi 25.56 ± 0.54bcd 3.25 ± 0.12m 13.40 ± 1.55ijkl 14.89 ± 2.03hijk 

Decanal 112-31-2  Grassy1, orange1. 9.61 ± 0.95cde 13.14 ± 0.59bc 14.86 ± 1.53b 28.70 ± 4.57a 1.16 ±0.12 k 8.08 ± 0.35defg 3.58 ± 0.39ijk 

Undecanal 112-44-7  Flowery1. n.d. 2.68 ± 0.03b n.d. 5.77 ± 0.23a n.d. 2.04 ± 0.16c n.d. 

Ketones         

2-Nonanone 821-55-6 Fruity1. 1.37 ± 0.24def 2.63 ± 0.11c 0.52 ± 0.01f 3.66 ± 0.22b 0.51 ± 0.04f 7.87 ± 1.10a 4.29 ± 0.06b 

β-Damascenone 23726-93-4  Sweet1, honey1. 40.13 ± 4.78bc 44.68 ± 1.71bc 40.40 ± 4.21bc 29.45 ± 4.33d 5.02 ± 0.14i 22.43 ± 1.11def 40.76 ± 3.32bc 

Geranyl acetone 3796-70-1 Flowery1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

(E)-β-Ionone 79-77-6 Woody,4, flowery4. n.d. 1.71 ± 0.26c n.d. n.d. n.d. n.d. n.d. 

Terpenes         

p-Cymene 99-87-6 Fruity1, sweet1, citrus2. 5.63 ± 0.64a 5.02 ± 0.25b n.d. 4.33 ± 0.17c 0.33 ± 0.05f n.d. n.d. 

Limonene 138-86-3  Citrus2, fresh2. 5.49 ± 0.75b n.d. n.d. 22.88 ± 2.67a 2.24 ± 0.25cd n.d. n.d. 

Linalool 78-70-6 
Sweet1, citrus1,2, grape1, 
flowery1,2,3,7,8.9, lavander2,8,9. 

n.d. n.d. 5.88 ± 0.09b n.d. n.d. n.d. n.d. 
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Menthol 1490-04-6 Minty9. 6.83 ± 0.56c 10.07 ± 0.76b n.d. n.d. 0.21 ± 0.03e n.d. n.d. 

β-Cyclocitral 432-25-7  Fruity4, herbaceous4. 8.56 ± 0.71b n.d. n.d. 4.95 ± 0.39c 1.08 ± 0.09e n.d. n.d. 

Citronellol 106-22-9 
Citrus1, sweet1.8, oily4, rose4,8, 
flowery8. 

8.76 ± 0.79ab 5.77 ± 0.38ef 5.44 ± 0.26efg 9.52 ± 0.59a 0.88 ± 0.06k 4.89 ± 0.15fgh 5.79 ± 0.23ef 

β-Elemene 515-13-9  
Herbaceous2, woody2, green2, 
sweet3. 

n.d. n.d. n.d. 2.39 ± 0.28a 1.59 ± 0.21b n.d. n.d. 

(E)-β-Famesene 18794-84-8  Woody3,4, sweet4. 30.13 ± 3.07d 86.30 ± 5.11a 15.86 ± 0.33ef 19.65 ± 0.20e 40.83 ± 3.69b 29.32 ± 1.49 17.31 ± 1.70ef 

α-Curcumene 644-30-4  Herbaceous2, woody2. 1.54 ± 0.07ef 4.60 ± 0.19a 1.28 ± 0.18fg 1.67 ± 0.19def 4.69 ± 0.33a 2.25 ± 0.27cd 0.92 ± 0.07gh 

α-Muurolene 10208-80-7  Woody2,4. n.d. 4.91 ± 0.33a n.d. 2.67 ± 0.41b n.d. 2.67 ± 0.31b n.d. 

α-Farnesene 502-61-4  Fruity3. 18.38 ± 3.24cd 52.38 ± 6.11a 5.80 ± 0.04fgh 9.76 ± 1.67efg 25.71 ± 1.83b 20.49 ± 1.25bc 8.13 ± 0.91efg 

δ-Cadinene 483-76-1  
Woody2,3, sweet2, medicinal2, 
thyme4, herbaceous4. 

1.65 ± 0.27gh 6.40 ± 0.40c 4.28 ± 0.19d 38.83 ± 1.60a 4.16 ± 0.10d 11.29 ± 0.73b 1.46 ± 0.07gh 

α-Calacorene 21391-99-1  Woody2. n.d. n.d. n.d. 11.85 ± 0.41a n.d. 6.71 ± 0.12b n.d. 

Nerolidol 7212-44-4 
Apple1, citrus1, rose1,7, green1, 
flowery4, woody7. 

211.94 ± 22.74bc 538.24 ± 15.23a 119.23 ± 10.05ef 138.75 ± 5.11de 160.46 ± 8.79d 194.67 ± 0.19c 46.92 ± 3.37h 

Bisabolol 515-69-5 Spicy2, flowery2, peppery7. n.d. 14.83 ± 0.83a 2.71 ± 0.23c n.d. n.d. 4.02 ± 0.38b n.d. 

Farnesol 4602-84-0 Flowery1, medicinal7. 26.18 ± 3.10a 25.83 ± 2.72a 7.33 ± 1.14cde 14.45 ± 2.20b 2.58 ± 0.26fgh 7.35 ± 0.10cde 3.07 ± 0.20efgh 

UA - Cachaças of Agreste; UM - Cachaças of Mata; US - Cachaças of Sertão. Different letters in the same column differ by tukey test (0.05). n.d. – not determined. References: 1Welke et al. (2014); 2Costa et al. (2008); 3Zhang et 

al. (2020); 4Wang et al. (2023); 5Zhao et al. (2024); 6Amorim et al. (2016); 7Bortoletto et al. (2021); 8Gonzalez-Robles & Cook (2016), 9Gabetti, et al. (2021). 
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Supplementary table 3. Determination of total phenolic compound (TPC) content, colour 

intensity and antioxidant activity by DPPH radical inhibition for commercial cachaças stored 

in Amburana cearensis barrels. 

Sample 
Total Phenolic Compounds  

(mgAGE/ 100 mL) 

Color Intensity 

(Abs 420 nm) 

Antioxidant activity 

- DPPH 

(%Inhibition) 

UA-01 2.17 ± 0.09j 00.079 ± 0.002l 2.1 ± 0.2hi 

UA-02 11.1 ± 0.5h 0.1187 ± 0.0006j 1.7 ± 0.7i 

UA-03 17.2 ± 0.7fg 0.171 ± 0.001g 3.2 ± 0.7ghi 

UA-04 11.1 ± 0.3h 0.1 ± 0.0o 3.6 ± 0.5ghi 

UA-05 9.8 ± 0.9hi 0.168 ± 0.002gh 1.9 ± 0.6i 

UA-06 14.4 ± 0.4gh 0.137 ± 0.002i 2.32 ± 0.09ghi 

UA-07 0.73 ± 0.01j 0.093 ± 0.002k 1.5 ± 0.2i 

UA-08 5.2 ± 0.3ij 0.0675 ± 0.0005n 7.3 ± 0.5ef 

UA-09 44 ± 2b 0.3 ± 0.0f 23.8 ± 1.7b 

UA-10 23 ± 2de 0.289 ± 0.002d 15.7 ± 1.8cd 

UA-11 18.0 ± 1.0efg 0.0785 ± 0.0005lm 5.0 ± 0.5fgh 

UA-12 21.1 ± 1.0ef 0.433 ± 0.004b 12.9 ± 0.9d 

UA-13 10.7 ± 0.9h 0.2 ± 0.0h 6.7 ± 0.5ef 

UA-14 2.4 ± 0.3j 0.0655 ± 0.0005n 2.1 ± 0.2hi 

UA-15 9.6 ± 0.1hi 0.146 ± 0.002i 5.3 ± 0.5fgh 

UM-01 11.4 ± 0.9h 0.1 ± 0.0mn 7.1 ± 0.4ef 

UM-02 1.04 ± 0.02j 0.084 ± 0.001kl 3.6 ± 0.2ghi 

UM-03 35.8 ± 6.0c 0.3305 ± 0.0005c 16.9 ± 1.0c 

UM-04 27.9 ± 0.2d 0.271 ± 0.003e 15.7 ± 1.5cd 

US-01 23 ± 2de 0.176 ± 0.003g 9.1 ± 1.2e 

US-02 62 ± 3a 0.91 ± 0.01a 35.7 ± 2.4a 

Note(s): Different lowercase letters in columns indicate significant differences between 

samples (Tukey's HSD, teste post-hoc, P <0,05). 
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6. CONSIDERAÇÕES FINAIS 

 

 

Foi realizado o mapeamento dos estabelecimentos produtores de cachaças da Paraíba, e 

identificado a produção de cachaça em três mesorregiões (Mata Paraibana, Agreste e Sertão 

Paraibano), onde foram coletadas 26 cachaças não envelhecidas (tradicional) e 21 cachaças 

armazenadas em barris de Amburana. 

Com relação a qualidade química das cachaças paraibanas, os resultados demonstraram 

que a maioria das cachaças não envelhecidas (tradicional) atenderam aos parâmetros legais 

exigidos, refletindo boas práticas de produção por parte dos produtores; no entanto, os 

resultados das cachaças armazenadas em barris de Amburana, evidenciaram uma grande 

variabilidade na composição química, refletindo as diferenças nos métodos de produção, tempo 

de armazenamento e condições dos barris, com a presença de carbamato de etila em 

concentrações superiores ao permitido em quase metade das amostras analisadas, reforçando a 

necessidade de maior controle sobre o processo produtivo, desde a qualidade da cana-de-açúcar 

até a destilação e o armazenamento. 

A análise dos compostos voláteis das cachaças paraibanas não envelhecidas 

(tradicionais), revelou um perfil aromático diversificado, diretamente influenciado pelas 

condições edafoclimáticas e pela localização geográfica das unidades produtoras. As diferenças 

significativas entre os perfis aromáticos das cachaças das mesorregiões da Mata Paraibana, do 

Agreste e do Sertão Paraíbano, confirmam a existência de um terroir para as cachaças 

paraibanas. Essas variações contribuem para a riqueza sensorial do produto, agregando valor 

comercial e fortalecendo a identidade regional da cachaça.  

O perfil de compostos voláteis e não-voláteis das cachaças paraibanas armazenadas em 

barris de Amburana, identificou uma diversidade dos compostos voláteis que influenciam 

diretamente a percepção sensorial da bebida, sendo impactada pelo tempo de envelhecimento e 

reutilização dos barris. Esses fatores destacam a importância de regulamentações mais claras 

quanto ao armazenamento da cachaça, visando garantir não apenas a segurança e a qualidade 

do produto final, mas também preservar sua identidade sensorial e agregando valor ao produto. 

Dessa forma, compreender todo o processo de produção é essencial para o 

aprimoramento da qualidade, e assim produzir uma bebida com qualidade, e com perfil 

aromático e sensorial que caracterize a cachaça paraibana. 

 



105 
 

7 REFERÊNCIAS 

 

 

ALCARDE, A. R.; SOUZA, L. M.; BORTOLETTO, A. M. Formation of volatile and 

maturation-related congeners during the aging of sugarcane spirit in oak barrels. J. Inst. 

Brew. v.120, p.529-536. 2014. 

 

 

BORTOLETTO, A. M.; ALCARDE, A. R. Congeners in sugar cane spirits aged in casks of 

different woods. Food Chemistry. v.139, p.695-701. 2013.  

 

 

BORTOLETTO, A. M.; ALCARDE, A. R. Assessment of chemical quality of Brazilian sugar 

cane spirits and cachaças. Food Control. v.54, p.1-6. 2015. 

 

 

BORTOLETTO, A. M.; CORREA, A. C.; ALCARDE, A. R. Aging practices influence 

chemical and sensory quality of cachaça. Food Research International. v.86, p.46-53, 2016. 

 

 

BORTOLETTO, A. M. Rum and cachaça. In: HILL, A.; JACK, F. (Eds). Distilled Spirits. 

1.ed. Academic Press, 2023. p.61-74. 

 

 

BRASIL (2022). Ministério da Agricultura, Pecuária e Abastecimento. Portaria MAPA nº 

539, de 26 de dezembro de 2022. Estabelece os Padrões de Identidade e Qualidade da 

aguardente de cana e da cachaça. Diário Oficial da União: Seção 1, Edição: 243, p. 13, 27 de 

dezembro de 2022. Brasília, DF. 

 

 

RIBEIRO-FILHO, N. M. Processamento de cana-de-açúcar para produção de cachaça e de 

etanol. In: MIELEZRI, F.; LOPES, G. N. (Org.). Cultivo de cana-de-açúcar na Paraíba. 

1.ed. João Pessoa/PB: Editora UFPB, 2020, v.1, p. 7-187. 

 

SANTIAGO, W. D.; CARDOSO, M. G.; SANTIAGO, J. A.; TEIXEIRA, M. L.; BARBOSA, 

R. B.; ZACARONI, L. M.; SALES, P. F.; NELSON, D. L. Physicochemical profile and 

determination of volatile compounds in cachaça stored in new oak (Quercus sp.), amburana 

(Amburana cearensis), jatoba (Hymenaeae carbouril), balsam (Myroxylon peruiferum) and 

peroba (Paratecoma peroba) casks by SPME-GC–MS. J. Inst. Brew. v.122, Pp.624-634. 

2016. 

 

 

SANTIAGO, W. D.; CARDOSO, M. G.; LUNGUINHO, A. S.; BARBOSA, R. B.; CRAVO, 

F. D.; GONÇALVES, G. S.; NELSON, D. L. Determination of ethyl carbamate in cachaça 

stored in newly made oak, amburana, jatobá, balsa and peroba vats and in glass containers. J. 

Inst. Brew. v.123, p.572-578, 2017. 

 

 



106 
 

SERAFIM, F. A. T.; PEREIRA-FILHO, E. R.; FRANCO, D. W. Chemical data as markers of 

the geographical origins of sugarcane spirits. Food Chemistry. v. 196, p. 196-203. 2016. 

 

SOUZA, E. G. T., SILVA, M. M. A. M., SILVA, V. P., GALVÃO, M. S, LIMA, M. S., 

SILVA, J. A., MADRUGA, M. S., MUNIZ, M. B., BEZERRA, T. K. A. Accelerated aging of 

Brazilian sugarcane spirit: Impact of wood chips reuse on the phenolic and volatile profile of 

the beverage. Food Chemistry, v. 476, Article 143163. 2025. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



107 
 

8 PRINCIPAIS CONTRIBUIÇÕES TECNICO-CIENTÍFICAS 

 

 

IMPLANTAÇÃO DE METODOLOGIAS OFICIAIS PARA ANÁLISE DE CACHAÇA EM 

ATENDIMENTO AO PROJETO FAPESQ-PB Nº 04/2021 – APOIO A PESQUISAS PARA 

ARRANJOS PRODUTIVOS LOCAIS 

 

 Participação na implantação das metodologias para as análises de identidade e qualidade 

de cachaça e aguardente de cana, exigidas pela Portaria MAPA Nº 539/2022, no 

Laboratório de Flavor/DEA/UFPB, bem como a realização das análises das cachaças 

paraibanas, em cumprimento ao projeto aprovado pelo edital FAPESQ-PB Nº 04/2021 

– Apoio a pesquisas para arranjos produtivos locais. 

 

 

APRESENTAÇÃO DE PESQUISAS EM EVENTOS E INTERAÇÃO COM OS 

PRODUTORES DE CACHAÇA E CONSUMIDORES. 

 

 Evento Brasil Cachaças – Uma Lapada de Ciência: Participação como palestrante, 

apresentando resultados da pesquisa sobre: Voláteis das Cachaças Tradicionais 

Paraibanas, promovendo a interação entre academia, produtores e consumidores. 

 Evento Brasil Cachaças – I Concurso de Sobremesas com Cachaça: Premiada em 2º 

lugar na categoria estudante, com a sobremesa “Noivinha Arretada” produzida com 

diferentes cachaças paraibanas (tradicional, armazenadas em barris de Amburana e de 

Carvalho) do Engenho Nobre. A construção da sobremesa reuniu o conhecimento 

químico e gastronômico, onde cada tipo de cachaça utilizada na preparação, foi pensada, 

levando em consideração o perfil aromático de cada bebida, agregando aromas e 

sabores, além de memória afetiva para essa sobremesa. 

 Evento "Conexão Cachaça – Universidade em Parceria com a Indústria": Foram 

apresentados resultados da pesquisa sobre o Perfil Aromático das Cachaças Paraibanas. 
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PUBLICAÇÕES E APRESENTAÇÕES DE TRABALHOS CIENTÍFICOS. 

 

 Apresentação de trabalho intitulado "Perfil aromático das cachaças tradicionais da 

Paraiba" no 15º Simpósio Latino-Americano de Ciência de Alimentos e Nutrição 

(SLACAN).  

 Participação em artigos ciêntificos de mesma temática, contribuindo com as 

metodologias implantadas e fornecimento de amostras coletadas. 

 

Artigo publicado no periódico Food Chemistry, em 2025, sob o título Accelerated aging of 

Brazilian sugarcane spirit: Impact of wood chips reuse on the phenolic and volatile profile of 

the beverage.  https://doi.org/10.1016/j.foodchem.2025.143163 

 

Artigo publicado no periódico Food Chemistry, em 2025, sob o título Quantification of 

alcohol content and identification of fraud in traditional cachaças using NIR spectroscopy.  

https://doi.org/10.1016/j.foodchem.2025.143809 

 

 

IMPACTO SOCIAL DO PROJETO 

 

 A pesquisa contribuiu para uma maior interação da universidade junto ao setor 

produtivo de cachaça da Paraiba, desde a coleta das amostras onde foi possível compreender as 

dificuldades e reais necessidades dos produtores paraibanos, que buscam por atender as 

exigências da legislação, encontrando parceria com universidade com a implantação das 

metodologias oficias. 

Os resultados desse estudo favorecem o arranjo produtivo local de cachaça, com 

informações que contribuem para a valorização da cachaça paraibana, um produto de grande 

destaque e relevância econômica e cultural no Brasil.  

A apresentação dos dados ciêntificos junto ao público geral durante os eventos, 

promoveu impacto positivo junto aos consumidores, consolidando a cachaça como um produto 

de alta qualidade, agregando valor a bebida e fortalecendo sua identidade no mercado. 
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APÊNDICE A – Compostos voláteis das cachaças paraibanas não envelhecidas (tradicionais).  

COV CAS 
IR 

Standard 

IR 

Samples 

RT 

(min) 

Área 

CA-01 CA-02 CA-03 CA-04 CA-05 CA-06 CA-07 CA-08 CA-09 

Ethyl Acetate 141-78-6 612 651 2.06 7.10E+06 2.51E+06 1.16E+07 9.35E+06 2.53E+07 5.02E+06 2.57E+06 9.20E+06 5.68E+06 

3-Methyl-1-butanol 123-51-3 736 728 3.43 3.45E+07 1.79E+07 3.90E+07 2.91E+07 2.65E+07 2.64E+07 2.77E+07 2.25E+07 2.38E+07 

2-Methyl-1-butanol 137-32-6  739 733 3.49 1.16E+07 6.39E+06 1.46E+07 9.37E+06 8.65E+06 8.78E+06 1.00E+07 7.77E+06 8.34E+06 

Hexanal 66-25-1 800 799 4.73 8.56E+04 5.21E+04 1.07E+05 5.06E+04 1.64E+05 2.49E+05 2.49E+05 1.60E+05 1.23E+05 

Ethyl butanoate 105-54-4  802 802 4.80 4.32E+05 1.84E+05 3.06E+05 2.21E+05 2.55E+05 1.13E+05 1.26E+05 1.13E+05 1.14E+05 

Isoamyl acetate 123-92-2  876 875 6.83 1.24E+06 4.37E+05 2.45E+06 1.37E+06 3.48E+06 9.63E+05 1.72E+06 1.17E+06 1.09E+06 

Ethyl pentanoate 539-82-2 900 900 7.55 n.d. 1.92E+05 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Heptanal 111-71-7 901 901 7.56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

2-Heptanol 543-49-7  901 902 7.57 6.31E+05 n.d. 1.05E+06 6.16E+05 4.96E+05 7.91E+05 6.70E+05 5.02E+05 5.68E+05 

1-Octen-3-ol 3391-86-4 980 979 10.22 n.d. n.d. 8.89E+04 n.d. 7.24E+04 n.d. 1.07E+05 5.74E+04 1.00E+05 

3-Octanone 106-68-3  986 989 10.47 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl hexanoate 123-66-0 1000 1000 10.93 4.02E+06 4.13E+06 5.66E+06 5.55E+06 4.26E+06 1.30E+06 1.93E+06 2.40E+06 2.16E+06 

p-Cymene 527-84-4 1022 1024 11.73 n.d. n.d. 5.76E+05 n.d. n.d. n.d. n.d. n.d. n.d. 

Limonene 138-86-3  1030 1026 11.88 2.45E+05 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

1-Octanol 111-87-5 1071 1070 13.51 7.22E+05 1.22E+05 8.34E+05 1.06E+06 6.72E+05 5.80E+05 5.53E+05 5.12E+05 8.99E+05 

p-Cymenene 1195-32-0 1090 1087 14.08 1.33E+05 6.50E+04 1.51E+06 2.93E+05 n.d. n.d. 6.31E+04 2.00E+05 1.79E+05 

2-Nonanone 821-55-6 1092 1091 14.26 7.84E+04 2.52E+04 6.31E+04 9.90E+04 6.02E+04 8.37E+04 7.22E+04 3.57E+04 n.d. 

Ethyl heptanoate 106-30-9  1097 1098 14.50 5.82E+05 4.20E+05 7.10E+05 5.67E+05 8.18E+05 2.97E+05 5.23E+05 4.53E+05 5.31E+05 

2-Nonanol 628-99-9 1101 1100 14.57 4.29E+05 1.13E+05 1.02E+06 3.52E+05 4.69E+05 5.07E+05 4.62E+05 5.67E+05 4.60E+05 

Nonanal 124-19-6 1104 1103 14.67 2.26E+06 3.55E+05 1.62E+06 1.03E+06 1.16E+06 1.69E+06 1.86E+06 2.17E+06 1.33E+06 

Phenylethyl Alcohol 60-12-8 1116 1114 15.09 1.63E+06 1.21E+06 2.95E+06 1.41E+06 1.76E+06 5.33E+05 1.74E+06 9.37E+05 1.42E+06 

Menthol 1490-04-6 1169 1163 16.81 3.74E+05 n.d. 1.80E+06 3.60E+05 n.d. n.d. 6.28E+05 5.15E+05 n.d. 

L-menthol 2216-51-5  1175 1171 17.11 4.79E+06 n.d. 1.36E+07 3.15E+06 n.d. 3.14E+06 5.14E+06 4.61E+06 n.d. 

Ethyl octanoate 106-32-1 1196 1197 18.04 1.06E+08 7.11E+07 8.78E+07 8.73E+07 6.66E+07 4.33E+07 7.21E+07 8.16E+07 5.13E+07 

Decanal 112-31-2  1206 1204 18.29 5.26E+05 1.62E+05 4.46E+05 3.48E+05 3.42E+05 2.91E+05 3.23E+05 2.77E+05 1.95E+05 
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β-Cyclocitral 432-25-7  1220 1221 18.78 3.71E+05 n.d. 2.73E+05 3.52E+05 n.d. 3.50E+05 1.27E+05 2.60E+05 3.06E+05 

Citronellol 106-22-9 1228 1228 19.11 7.88E+05 2.60E+05 1.08E+06 3.76E+05 2.77E+05 7.08E+05 4.84E+05 5.13E+05 4.61E+05 

Phenethyl acetate 103-45-7 1258 1256 20.08 n.d. 1.10E+06 3.09E+06 1.94E+06 1.65E+06 1.02E+06 1.65E+06 2.23E+06 1.57E+06 

2-Undecanone 112-12-9  1294 1293 21.32 1.25E+06 n.d. n.d. n.d. 1.37E+06 8.15E+05 4.83E+05 1.03E+06 n.d. 

Ethyl nonanoate 123-29-5  1296 1295 21.43 6.91E+06 2.89E+06 4.43E+06 1.75E+06 2.50E+06 2.45E+06 3.07E+06 5.49E+06 2.59E+06 

2-Undecanol 1653-30-1  1308 1300 21.58 6.34E+05 n.d. 4.63E+05 1.45E+05 4.45E+05 3.52E+05 3.16E+05 5.24E+05 3.80E+05 

Undecanal 112-44-7  1307 1306 21.76 4.00E+05 1.89E+05 n.d. 1.30E+05 n.d. n.d. 2.25E+05 n.d. n.d. 

δ-EIemene 20307-84-0  1338 1336 22.76 3.27E+05 4.54E+05 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Eugenol  97-53-0  1357 1357 23.78 n.d. n.d. 2.36E+05 4.21E+05 n.d. 6.35E+04 3.21E+05 n.d. 1.10E+05 

β-Damascenone 23726-93-4  1386 1383 24.31 2.06E+06 1.06E+06 3.96E+06 2.18E+06 1.83E+06 1.58E+06 2.23E+06 3.04E+06 2.56E+06 

β-Elemene 515-13-9  1391 1390 24.53 1.52E+06 1.37E+06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl decanoate 110-38-3  1396 1397 24.73 3.13E+08 1.90E+08 2.31E+08 1.47E+08 1.24E+08 1.44E+08 1.85E+08 2.30E+08 1.40E+08 

Isoamyl octanoate 2035-99-6  1446 1445 26.24 6.56E+06 3.38E+06 5.11E+06 1.80E+06 8.17E+05 1.33E+06 2.86E+06 6.57E+06 1.69E+06 

(E)-β-Famesene 18794-84-8  1457 1456 26.56 1.41E+06 1.27E+06 1.77E+06 5.23E+05 7.25E+05 4.67E+05 1.08E+06 1.34E+06 6.48E+05 

1-Dodecanol 112-53-8 1473 1473 27.09 9.74E+05 n.d. 1.23E+06 6.68E+05 9.19E+05 3.10E+05 5.46E+05 6.10E+05 4.13E+05 

γ-Muurolene 30021-74-0  1477 1477 27.17 n.d. 3.13E+06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

α-Curcumene 644-30-4  1483 1481 27.36 3.85E+05 7.54E+06 1.98E+04 n.d. 5.84E+04 n.d. 5.59E+04 n.d. n.d. 

Ethyl undecanoate 627-90-7 1494 1494 27.74 n.d. n.d. 1.65E+06 5.25E+05 8.56E+05 8.26E+05 1.06E+06 2.40E+06 1.02E+06 

α-Muurolene 10208-80-7  1499 1499 27.89 8.51E+06 5.16E+06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Cuparene 16982-00-6  1505 1504 28.06 4.60E+05 3.09E+05 2.25E+05 n.d. n.d. n.d. n.d. 1.20E+05 n.d. 

α-Farnesene 502-61-4  1508 1507 28.13 1.06E+06 1.07E+06 1.07E+06 2.68E+05 3.90E+05 1.43E+05 4.30E+05 3.35E+05 1.48E+05 

γ-Cadinene 39029-41-9 1513 1513 28.31 5.78E+05 5.40E+06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

δ-Cadinene 483-76-1  1524 1522 28.59 3.42E+07 2.61E+07 n.d. n.d. 4.85E+05 n.d. n.d. n.d. n.d. 

α-Calacorene 21391-99-1  1542 1542 29.16 3.91E+06 4.15E+06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Nerolidol 7212-44-4 1564 1563 29.77 1.75E+07 1.05E+07 1.91E+07 5.97E+06 9.75E+06 5.48E+06 1.45E+07 8.22E+06 7.80E+06 

gleenol  1587 1584 30.4 1.81E+06 2.32E+06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl laurate 106-33-2  1595 1594 30.68 1.60E+08 1.26E+08 1.42E+08 6.88E+07 5.57E+07 7.08E+07 9.54E+07 1.06E+08 8.42E+07 

α-Corocalene 20129-39-9 1623 1624 31.47 2.38E+06 1.86E+06 1.28E+05 n.d. n.d. n.d. n.d. 1.01E+05 6.68E+04 

Epicubenol 19912-67-5  1627 1631 31.68 2.74E+06 2.42E+06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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Cadalene 483-78-3 1674 1679 32.92 2.58E+07 2.41E+07 6.69E+05 n.d. 1.02E+06 n.d. 4.62E+05 3.13E+05 n.d. 

2,3-Dihydrofarnesol 51411-24-6 1696 1696 33.34 4.87E+06 3.28E+06 3.03E+06 8.30E+06 9.26E+05 2.58E+06 1.71E+06 1.74E+06 1.11E+06 

trans-Farnesol 4602-84-0 1722 1727 34.24 1.66E+06 1.45E+06 2.40E+06 5.38E+05 6.49E+05 7.39E+05 1.14E+06 1.29E+06 6.75E+05 

Farnesol formate 
917105-98-

7  
1737 1745 34.74 1.97E+06 1.03E+06 1.50E+06 n.d. 1.52E+06 n.d. 5.56E+05 7.75E+05 5.04E+05 

Ethyl myristate 124-06-1 1794 1793 36.08 3.37E+07 1.05E+07 1.95E+07 2.70E+06 7.87E+06 9.53E+06 8.04E+06 1.89E+07 1.14E+07 

2,3-Dihydro farnesyl 

acetate 
58130-58-8 1823 1808 36.47 6.88E+05 1.05E+06 n.d. 3.70E+05 n.d. 3.94E+05 3.63E+05 7.05E+05 1.78E+05 

Farnesyl acetate, 

(E,E)- 
4128-17-0 1843 1841 37.31 n.d. 1.97E+06 3.75E+05 7.57E+05 1.02E+05 6.21E+05 1.03E+06 1.21E+06 7.04E+05 

Ethyl palmitate 628-97-7 1993 1992 41.03 4.26E+07 2.13E+07 5.25E+07 2.86E+06 2.59E+07 1.10E+07 2.45E+06 2.40E+07 1.67E+07 

Ethyl linoleate 544-35-4 2162  44.84 2.73E+06 6.54E+05 5.92E+06 3.20E+05 8.30E+05 6.36E+05 2.08E+05 2.62E+06 1.42E+06 

Ethyl Oleate 111-62-6 2173   44.97 1.74E+06 3.20E+05 2.14E+06 n.d. 1.12E+06 n.d. n.d. 9.93E+05 5.20E+05 

COV CAS 
IR 

Standard 

IR 

Samples 

RT 

(min) 

Área 

CA-10 CA-11 CA-12 CA-13 CA-14 CA-15 CA-16 CA-17 CA-18 

Ethyl Acetate 141-78-6 612 651 2.06 4.81E+06 4.18E+06 7.01E+06 3.48E+06 1.86E+06 9.53E+06 1.01E+07 3.68E+06 3.42E+06 

3-Methyl-1-butanol 123-51-3 736 728 3.43 2.02E+07 3.91E+07 1.89E+07 1.62E+07 1.49E+07 1.88E+07 8.94E+06 3.24E+07 9.86E+06 

2-Methyl-1-butanol 137-32-6  739 733 3.49 6.25E+06 1.86E+07 7.58E+06 6.18E+06 8.03E+06 6.79E+06 8.91E+06 1.24E+07 6.63E+04 

Hexanal 66-25-1 800 799 4.73 1.79E+05 1.81E+05 5.57E+04 2.95E+04 5.54E+04 2.38E+05 2.77E+04 1.14E+05 4.21E+04 

Ethyl butanoate 105-54-4  802 802 4.80 2.83E+05 2.42E+05 1.46E+05 7.52E+04 3.00E+04 2.82E+05 1.94E+05 1.27E+05 1.36E+05 

Isoamyl acetate 123-92-2  876 875 6.83 2.23E+06 5.17E+06 1.54E+06 6.19E+05 4.72E+05 1.02E+06 1.22E+06 1.22E+06 2.13E+06 

Ethyl pentanoate 539-82-2 900 900 7.55 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2.39E+05 

Heptanal 111-71-7 901 901 7.56 n.d. 7.55E+05 n.d. 1.72E+05 2.44E+05 n.d. n.d. 3.15E+05 n.d. 

2-Heptanol 543-49-7  901 902 7.57 7.77E+05 n.d. 7.34E+05 n.d. n.d. 5.44E+05 n.d. n.d. n.d. 

1-Octen-3-ol 3391-86-4 980 979 10.22 8.22E+04 1.60E+05 5.25E+04 4.12E+04 n.d. 5.19E+04 n.d. n.d. n.d. 

3-Octanone 106-68-3  986 989 10.47 5.19E+04 1.13E+05 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl hexanoate 123-66-0 1000 1000 10.93 4.08E+06 4.79E+06 3.95E+06 9.97E+05 3.55E+06 3.58E+06 1.04E+06 3.56E+06 4.98E+06 

p-Cymene 527-84-4 1022 1024 11.73 n.d. n.d. n.d. 4.47E+04 n.d. n.d. 1.19E+06 n.d. 7.11E+04 

Limonene 138-86-3  1030 1026 11.88 3.82E+05 n.d. n.d. n.d. 3.40E+04 n.d. 1.15E+06 n.d. 4.59E+04 

1-Octanol 111-87-5 1071 1070 13.51 7.02E+05 7.45E+05 3.23E+05 4.41E+05 3.57E+05 2.32E+05 3.43E+05 2.75E+05 2.41E+05 
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p-Cymenene 1195-32-0 1090 1087 14.08 1.66E+05 3.94E+05 n.d. 2.99E+05 6.26E+04 n.d. 9.01E+05 n.d. 1.02E+05 

2-Nonanone 821-55-6 1092 1091 14.26 1.11E+05 1.12E+05 3.68E+04 4.08E+04 3.69E+04 5.64E+04 n.d. 2.68E+04 2.15E+04 

Ethyl heptanoate 106-30-9  1097 1098 14.50 6.69E+05 7.77E+05 3.05E+05 2.15E+05 2.47E+05 4.02E+05 3.95E+05 3.99E+05 3.36E+05 

2-Nonanol 628-99-9 1101 1100 14.57 4.92E+05 4.21E+05 6.54E+05 3.65E+05 2.46E+05 5.36E+05 1.19E+05 1.10E+05 1.05E+05 

Nonanal 124-19-6 1104 1103 14.67 1.87E+06 2.29E+06 3.40E+05 9.55E+05 6.37E+05 7.97E+05 5.38E+05 1.91E+06 1.28E+06 

Phenylethyl Alcohol 60-12-8 1116 1114 15.09 2.15E+05 3.43E+06 n.d. 1.05E+06 4.95E+04 7.67E+05 5.88E+06 7.61E+05 2.46E+06 

Menthol 1490-04-6 1169 1163 16.81 n.d. 1.76E+05 n.d. 4.05E+05 1.10E+05 n.d. 1.43E+06 n.d. 3.48E+05 

L-menthol 2216-51-5  1175 1171 17.11 n.d. n.d. n.d. 3.53E+06 1.79E+06 1.25E+06 6.08E+06 n.d. 3.41E+06 

Ethyl octanoate 106-32-1 1196 1197 18.04 9.33E+07 8.53E+07 5.74E+07 4.49E+07 1.99E+07 6.89E+07 3.65E+07 9.49E+07 8.59E+07 

Decanal 112-31-2  1206 1204 18.29 2.64E+05 3.97E+05 1.37E+05 1.77E+05 1.49E+05 2.81E+05 1.58E+05 2.77E+05 3.74E+05 

β-Cyclocitral 432-25-7  1220 1221 18.78 2.71E+05 2.82E+05 n.d. 3.13E+05 n.d. n.d. n.d. 1.33E+05 1.11E+05 

Citronellol 106-22-9 1228 1228 19.11 5.49E+05 6.64E+05 3.20E+05 3.61E+05 5.86E+05 3.90E+05 4.20E+05 4.07E+05 n.d. 

Phenethyl acetate 103-45-7 1258 1256 20.08 1.36E+06 5.53E+06 n.d. 9.47E+05 7.26E+05 7.56E+05 3.32E+07 9.57E+05 1.72E+06 

2-Undecanone 112-12-9  1294 1293 21.32 9.46E+05 8.15E+05 n.d. 4.27E+05 1.68E+05 5.29E+05 1.25E+05 8.63E+05 n.d. 

Ethyl nonanoate 123-29-5  1296 1295 21.43 6.88E+06 6.90E+06 8.30E+05 3.97E+06 1.76E+06 2.21E+06 1.53E+06 6.59E+06 3.93E+06 

2-Undecanol 1653-30-1  1308 1300 21.58 5.59E+05 4.46E+05 1.73E+05 5.85E+05 1.89E+05 5.53E+05 n.d. n.d. 1.86E+05 

Undecanal 112-44-7  1307 1306 21.76 3.04E+05 n.d. n.d. n.d. n.d. 1.93E+05 n.d. n.d. 1.43E+05 

δ-EIemene 20307-84-0  1338 1336 22.76 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Eugenol  97-53-0  1357 1357 23.78 n.d. n.d. 1.30E+05 n.d. n.d. n.d. n.d. n.d. n.d. 

β-Damascenone 23726-93-4  1386 1383 24.31 2.49E+06 3.00E+06 1.62E+06 1.25E+06 1.88E+06 1.04E+06 2.27E+06 2.93E+06 6.37E+06 

β-Elemene 515-13-9  1391 1390 24.53 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl decanoate 110-38-3  1396 1397 24.73 2.13E+08 2.19E+08 1.15E+08 1.44E+08 8.17E+07 1.57E+08 9.40E+07 2.27E+08 2.24E+08 

Isoamyl octanoate 2035-99-6  1446 1445 26.24 5.35E+06 4.92E+06 9.83E+05 3.36E+06 1.14E+06 1.21E+06 1.39E+06 8.49E+06 7.00E+06 

(E)-β-Famesene 18794-84-8  1457 1456 26.56 7.72E+05 1.61E+06 5.62E+05 1.13E+06 2.93E+06 8.09E+05 9.04E+05 1.56E+06 1.65E+06 

1-Dodecanol 112-53-8 1473 1473 27.09 8.37E+05 1.38E+06 n.d. n.d. n.d. 2.40E+05 n.d. n.d. n.d. 

γ-Muurolene 30021-74-0  1477 1477 27.17 n.d. n.d. n.d. n.d. n.d. 1.60E+05 n.d. 4.40E+05 n.d. 

α-Curcumene 644-30-4  1483 1481 27.36 n.d. 6.85E+04 n.d. 9.20E+04 2.93E+05 3.93E+04 3.21E+04 7.52E+04 5.25E+05 

Ethyl undecanoate 627-90-7 1494 1494 27.74 1.97E+06 2.03E+06 3.23E+05 1.70E+06 n.d. 1.27E+06 7.75E+05 2.19E+06 1.66E+06 

α-Muurolene 10208-80-7  1499 1499 27.89 n.d. n.d. n.d. n.d. n.d. 2.64E+05 n.d. n.d. n.d. 
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Cuparene 16982-00-6  1505 1504 28.06 4.54E+05 n.d. n.d. 2.55E+05 n.d. n.d. n.d. 2.38E+05 n.d. 

α-Farnesene 502-61-4  1508 1507 28.13 4.78E+05 9.48E+05 3.37E+05 7.61E+05 1.88E+06 4.98E+05 5.72E+05 8.06E+05 1.10E+06 

γ-Cadinene 39029-41-9 1513 1513 28.31 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

δ-Cadinene 483-76-1  1524 1522 28.59 n.d. n.d. n.d. 1.16E+05 n.d. 7.41E+05 n.d. 2.64E+06 n.d. 

α-Calacorene 21391-99-1  1542 1542 29.16 n.d. n.d. n.d. n.d. n.d. 2.18E+05 n.d. 5.89E+05 n.d. 

Nerolidol 7212-44-4 1564 1563 29.77 1.04E+07 1.32E+07 4.20E+06 3.87E+06 7.37E+06 7.14E+06 6.58E+06 1.30E+07 3.69E+06 

gleenol  1587 1584 30.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl laurate 106-33-2  1595 1594 30.68 9.98E+07 1.12E+08 6.11E+07 7.15E+07 3.70E+07 8.19E+07 4.13E+07 1.17E+08 1.15E+08 

α-Corocalene 20129-39-9 1623 1624 31.47 9.54E+04 1.46E+05 6.59E+04 n.d. n.d. 7.08E+04 3.35E+04 2.88E+05 n.d. 

Epicubenol 19912-67-5  1627 1631 31.68 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 6.71E+05 n.d. 

Cadalene 483-78-3 1674 1679 32.92 2.21E+05 n.d. 1.36E+05 2.99E+05 n.d. 1.86E+06 1.53E+05 3.58E+06 3.08E+05 

2,3-Dihydrofarnesol 51411-24-6 1696 1696 33.34 9.53E+05 2.07E+06 8.90E+05 n.d. 1.76E+06 5.48E+05 6.22E+05 1.99E+06 1.13E+06 

trans-Farnesol 4602-84-0 1722 1727 34.24 7.37E+05 7.40E+05 3.50E+05 n.d. 6.72E+05 6.36E+05 5.41E+05 1.07E+06 3.05E+05 

Farnesol formate 
917105-98-

7  
1737 1745 34.74 8.02E+05 1.05E+06 4.07E+05 4.25E+05 4.15E+05 4.63E+05 5.91E+05 1.01E+06 5.40E+05 

Ethyl myristate 124-06-1 1794 1793 36.08 3.61E+04 9.54E+06 4.65E+06 1.22E+07 1.37E+06 8.69E+06 1.81E+06 1.34E+07 9.61E+06 

2,3-Dihydro farnesyl 

acetate 
58130-58-8 1823 1808 36.47 2.66E+05 2.20E+06 1.57E+05 n.d. 7.26E+05 1.24E+05 4.98E+04 n.d. 6.07E+05 

Farnesyl acetate, 

(E,E)- 
4128-17-0 1843 1841 37.31 1.43E+06 4.33E+06 2.78E+05 n.d. 1.03E+06 6.73E+05 3.88E+05 n.d. 1.75E+06 

Ethyl palmitate 628-97-7 1993 1992 41.03 1.64E+07 3.06E+06 1.23E+07 6.30E+06 6.47E+05 1.20E+07 7.32E+06 3.51E+07 1.12E+07 

Ethyl linoleate 544-35-4 2162  44.84 8.39E+05 3.13E+05 6.15E+05 2.21E+05 7.17E+04 1.43E+05 7.93E+05 9.28E+05 2.58E+05 

Ethyl Oleate 111-62-6 2173   44.97 2.89E+05 n.d. n.d. n.d. n.d. 1.02E+05 2.14E+05 5.37E+05 1.33E+05 

COV CAS 
IR 

Standard 

IR 

Samples 

RT 

(min) 

Área 

CA-19 CA-20 CM-01 CM-02 CM-03 CM-04 CS-01 CS-02   

Ethyl Acetate 141-78-6 612 651 2.06 6.23E+06 7.23E+06 2.07E+06 1.99E+06 1.49E+06 3.54E+06 1.69E+06 1.44E+06 
 

3-Methyl-1-butanol 123-51-3 736 728 3.43 2.09E+07 2.40E+07 2.97E+07 3.50E+07 1.71E+07 2.78E+07 1.47E+07 2.01E+07 
 

2-Methyl-1-butanol 137-32-6  739 733 3.49 7.61E+06 8.30E+06 1.00E+07 1.62E+07 7.02E+06 1.05E+07 6.05E+06 7.76E+06 
 

Hexanal 66-25-1 800 799 4.73 9.89E+04 9.94E+04 2.07E+05 8.44E+04 3.80E+04 1.08E+05 2.92E+04 1.38E+04 
 

Ethyl butanoate 105-54-4  802 802 4.80 4.15E+05 4.61E+05 1.50E+05 5.20E+05 1.03E+05 1.75E+05 1.78E+05 4.57E+04 
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Isoamyl acetate 123-92-2  876 875 6.83 1.02E+06 1.58E+06 9.90E+05 1.28E+06 1.19E+06 6.49E+05 5.79E+05 2.47E+05 
 

Ethyl pentanoate 539-82-2 900 900 7.55 3.79E+05 3.16E+05 n.d. 4.11E+05 2.99E+05 3.01E+05 1.71E+05 n.d. 
 

Heptanal 111-71-7 901 901 7.56 n.d. n.d. 8.03E+05 n.d. n.d. n.d. n.d. n.d. 
 

2-Heptanol 543-49-7  901 902 7.57 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2.08E+05 
 

1-Octen-3-ol 3391-86-4 980 979 10.22 7.08E+04 9.46E+04 1.02E+05 n.d. n.d. n.d. n.d. n.d. 
 

3-Octanone 106-68-3  986 989 10.47 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
 

Ethyl hexanoate 123-66-0 1000 1000 10.93 1.27E+07 4.13E+06 1.02E+06 3.61E+06 1.16E+06 2.31E+06 6.42E+06 1.46E+06 
 

p-Cymene 527-84-4 1022 1024 11.73 n.d. 1.70E+05 n.d. 7.56E+04 7.42E+04 3.00E+05 n.d. n.d. 
 

Limonene 138-86-3  1030 1026 11.88 1.14E+05 n.d. n.d. 4.63E+05 4.99E+05 n.d. n.d. 2.62E+04 
 

1-Octanol 111-87-5 1071 1070 13.51 4.88E+05 6.31E+05 5.65E+05 5.44E+05 1.93E+05 5.13E+05 3.44E+05 1.90E+05 
 

p-Cymenene 1195-32-0 1090 1087 14.08 1.06E+05 2.74E+05 2.95E+05 2.32E+05 1.08E+05 1.08E+06 3.73E+04 n.d. 
 

2-Nonanone 821-55-6 1092 1091 14.26 3.94E+04 6.01E+04 2.59E+04 4.60E+04 4.17E+04 2.98E+04 1.95E+04 n.d. 
 

Ethyl heptanoate 106-30-9  1097 1098 14.50 3.88E+05 8.48E+05 5.31E+05 5.48E+05 1.67E+05 5.44E+05 3.40E+05 1.28E+05 
 

2-Nonanol 628-99-9 1101 1100 14.57 3.55E+05 2.02E+05 2.60E+05 n.d. 1.53E+05 n.d. n.d. 3.45E+04 
 

Nonanal 124-19-6 1104 1103 14.67 9.64E+05 1.10E+06 1.49E+06 1.10E+06 4.86E+05 1.17E+06 5.18E+05 3.73E+05 
 

Phenylethyl Alcohol 60-12-8 1116 1114 15.09 1.66E+06 1.32E+06 1.12E+06 3.90E+06 6.79E+05 2.61E+06 3.25E+05 1.50E+04 
 

Menthol 1490-04-6 1169 1163 16.81 8.07E+05 5.25E+05 n.d. n.d. n.d. 8.12E+05 n.d. n.d. 
 

L-menthol 2216-51-5  1175 1171 17.11 4.88E+06 4.13E+06 n.d. n.d. 5.77E+05 6.13E+06 n.d. n.d. 
 

Ethyl octanoate 106-32-1 1196 1197 18.04 3.28E+07 7.47E+07 5.59E+07 8.36E+07 4.23E+07 6.58E+07 6.56E+07 5.51E+07 
 

Decanal 112-31-2  1206 1204 18.29 3.16E+05 2.90E+05 3.47E+05 3.28E+05 1.37E+05 3.27E+05 2.80E+05 1.77E+05 
 

β-Cyclocitral 432-25-7  1220 1221 18.78 1.31E+05 n.d. 3.70E+05 2.62E+05 3.22E+05 1.10E+05 6.18E+04 1.49E+05 
 

Citronellol 106-22-9 1228 1228 19.11 2.03E+05 2.29E+05 2.52E+05 9.92E+05 n.d. 2.77E+05 2.85E+05 2.97E+05 
 

Phenethyl acetate 103-45-7 1258 1256 20.08 8.94E+05 8.69E+05 9.59E+05 3.10E+06 1.23E+06 1.01E+06 4.69E+05 2.47E+05 
 

2-Undecanone 112-12-9  1294 1293 21.32 n.d. 5.92E+05 6.53E+05 8.26E+05 3.46E+05 5.27E+05 n.d. n.d. 
 

Ethyl nonanoate 123-29-5  1296 1295 21.43 1.33E+06 4.05E+06 6.59E+06 4.04E+06 1.63E+06 4.01E+06 7.34E+05 1.66E+06 
 

2-Undecanol 1653-30-1  1308 1300 21.58 1.30E+05 2.77E+05 4.99E+05 n.d. n.d. n.d. n.d. 9.60E+04 
 

Undecanal 112-44-7  1307 1306 21.76 n.d. 2.45E+05 3.65E+05 n.d. n.d. 7.49E+04 8.52E+04 2.08E+05 
 

δ-EIemene 20307-84-0  1338 1336 22.76 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
 

Eugenol  97-53-0  1357 1357 23.78 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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β-Damascenone 23726-93-4  1386 1383 24.31 5.24E+05 1.31E+06 2.17E+06 1.80E+06 1.45E+06 2.22E+06 1.06E+06 1.43E+06 
 

β-Elemene 515-13-9  1391 1390 24.53 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
 

Ethyl decanoate 110-38-3  1396 1397 24.73 8.25E+07 1.60E+08 1.89E+08 2.20E+08 1.21E+08 1.45E+08 1.27E+08 1.57E+08 
 

Isoamyl octanoate 2035-99-6  1446 1445 26.24 4.15E+05 2.33E+06 4.23E+06 8.95E+06 3.25E+06 3.25E+06 1.56E+06 3.37E+06 
 

(E)-β-Famesene 18794-84-8  1457 1456 26.56 1.82E+05 9.27E+05 2.81E+06 2.33E+06 9.85E+05 2.96E+06 7.44E+05 1.67E+06 
 

1-Dodecanol 112-53-8 1473 1473 27.09 7.74E+04 n.d. n.d. 5.63E+05 n.d. n.d. n.d. n.d. 
 

γ-Muurolene 30021-74-0  1477 1477 27.17 n.d. 4.06E+05 6.70E+05 n.d. n.d. 3.92E+05 n.d. n.d. 
 

α-Curcumene 644-30-4  1483 1481 27.36 n.d. 5.46E+04 2.63E+05 1.13E+05 7.59E+04 1.74E+05 8.01E+04 1.69E+05 
 

Ethyl undecanoate 627-90-7 1494 1494 27.74 3.16E+05 1.89E+06 3.81E+06 3.52E+06 1.30E+06 2.68E+06 5.55E+05 1.07E+06 
 

α-Muurolene 10208-80-7  1499 1499 27.89 n.d. 2.69E+05 n.d. n.d. n.d. 4.91E+05 n.d. n.d. 
 

Cuparene 16982-00-6  1505 1504 28.06 n.d. 1.89E+05 6.99E+05 n.d. 4.90E+05 n.d. n.d. n.d. 
 

α-Farnesene 502-61-4  1508 1507 28.13 n.d. 4.80E+05 2.26E+06 1.24E+06 8.74E+05 2.21E+06 6.24E+05 1.01E+06 
 

γ-Cadinene 39029-41-9 1513 1513 28.31 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
 

δ-Cadinene 483-76-1  1524 1522 28.59 n.d. 1.03E+06 6.91E+05 n.d. n.d. n.d. 7.17E+04 n.d. 
 

α-Calacorene 21391-99-1  1542 1542 29.16 n.d. 3.79E+05 6.58E+05 3.76E+05 2.78E+05 9.58E+05 n.d. n.d. 
 

Nerolidol 7212-44-4 1564 1563 29.77 1.52E+06 7.44E+06 2.46E+07 1.50E+07 2.67E+06 2.41E+07 4.70E+06 4.94E+06 
 

gleenol  1587 1584 30.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
 

Ethyl laurate 106-33-2  1595 1594 30.68 5.40E+07 8.34E+07 1.32E+08 1.09E+08 6.63E+07 7.29E+07 5.51E+07 9.54E+07 
 

α-Corocalene 20129-39-9 1623 1624 31.47 n.d. 1.46E+05 2.30E+05 n.d. 8.11E+04 3.05E+05 5.78E+04 n.d. 
 

Epicubenol 19912-67-5  1627 1631 31.68 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
 

Cadalene 483-78-3 1674 1679 32.92 1.17E+05 1.14E+06 4.92E+05 3.60E+05 2.10E+05 3.44E+05 1.56E+05 2.18E+05 
 

2,3-Dihydrofarnesol 51411-24-6 1696 1696 33.34 8.33E+04 8.73E+05 4.75E+05 5.92E+06 n.d. 1.81E+06 3.37E+06 n.d. 
 

trans-Farnesol 4602-84-0 1722 1727 34.24 1.40E+05 4.77E+05 5.03E+05 2.26E+06 n.d. 9.34E+05 1.63E+05 4.81E+05 
 

Farnesol formate 
917105-98-

7  
1737 1745 34.74 2.05E+05 1.02E+06 1.58E+06 1.07E+06 n.d. 2.47E+06 4.46E+05 8.70E+05 

 
Ethyl myristate 124-06-1 1794 1793 36.08 2.69E+07 1.08E+07 3.19E+07 1.56E+07 8.87E+06 6.93E+06 1.11E+06 5.71E+06  
2,3-Dihydro farnesyl 

acetate 
58130-58-8 1823 1808 36.47 n.d. 3.06E+05 1.15E+05 3.89E+06 1.92E+05 9.60E+04 1.49E+06 3.78E+05 

 
Farnesyl acetate, 

(E,E)- 
4128-17-0 1843 1841 37.31 n.d. 1.51E+06 9.24E+05 4.68E+06 1.51E+06 4.95E+05 2.93E+05 n.d. 
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Ethyl palmitate 628-97-7 1993 1992 41.03 3.54E+07 2.35E+07 5.01E+07 1.84E+07 2.94E+07 1.75E+07 1.86E+05 9.38E+06 
 

Ethyl linoleate 544-35-4 2162  44.84 3.07E+06 3.42E+05 3.62E+06 1.02E+06 4.36E+05 9.57E+05 n.d. 1.88E+05 
 

Ethyl Oleate 111-62-6 2173   44.97 1.37E+06 3.56E+05 1.62E+06 4.50E+05 8.40E+05 3.48E+05 n.d. 1.55E+05   

n.d. – not determined 
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APÊNDICE B – Compostos voláteis das cachaças paraibanas armazenadas em barris de Amburana (Amburana cearenses). 

COV CAS 
IR 

Standard 

IR 

Samples 

RT 

(min) 

Área 

UA-01 UA-02 UA-03 UA-04 UA-05 UA-06 UA-07 

Ethyl Acetate 141-78-6 612 651 2.06 3.50E+06 2.05E+06 3.88E+06 3.59E+06 4.80E+06 8.28E+06 4.89E+06 

3-Methyl-1-butanol 123-51-3 736 728 3.43 1.89E+07 2.00E+07 1.53E+07 6.25E+06 1.81E+07 1.29E+07 1.32E+07 

2-Methyl-1-butanol 137-32-6  739 733 3.49 6.17E+06 7.24E+06 5.11E+06 3.46E+04 6.75E+06 3.67E+06 5.14E+06 

Hexanal 66-25-1 800 799 4.73 8.25E+04 8.09E+04 6.94E+04 5.67E+04 1.17E+05 8.66E+04 3.40E+04 

Ethyl butanoate 105-54-4  802 802 4.80 5.56E+04 5.17E+04 7.03E+04 6.51E+04 1.58E+05 1.63E+05 1.07E+05 

Isoamyl acetate 123-92-2  876 875 6.83 3.69E+05 5.90E+05 5.92E+05 5.40E+05 1.40E+06 1.36E+06 1.11E+06 

2-Heptanol 543-49-7  901 901 7.56 4.13E+05 2.73E+05 3.46E+05 3.56E+05 4.51E+05 6.26E+05 4.60E+05 

Ethyl hexanoate 123-66-0 1000 1000 10.93 1.02E+06 4.32E+05 1.42E+06 1.45E+06 2.33E+06 3.37E+06 3.29E+06 

p-Cymene 99-87-6 1022 1022 11.74 n.d. n.d. n.d. n.d. 8.87E+04 n.d. n.d. 

Limonene 138-86-3  1030 1026 11.88 n.d. n.d. n.d. n.d. 3.28E+05 n.d. n.d. 

1-Octanol 111-87-5 1071 1070 13.51 2.65E+05 2.42E+05 4.12E+05 5.10E+05 3.12E+05 2.61E+05 2.55E+05 

2-Nonanone 821-55-6 1092 1091 14.26 6.54E+04 1.39E+05 6.54E+04 3.83E+04 8.34E+04 6.05E+04 2.71E+04 

Ethyl heptanoate 106-30-9  1097 1098 14.50 2.63E+05 n.d. 3.17E+05 3.28E+05 3.86E+05 3.23E+05 1.97E+05 

Linalool 78-70-6 1099 1099 14.52 n.d. 3.05E+05 n.d. n.d. n.d. n.d. n.d. 

2-Nonanol 628-99-9 1101 1100 14.57 3.07E+05 2.39E+05 1.89E+05 2.08E+05 2.91E+05 4.89E+05 4.26E+05 

Nonanal 124-19-6 1104 1103 14.67 9.53E+05 1.15E+06 1.31E+06 8.79E+05 1.28E+06 1.77E+06 3.56E+05 

Phenylethyl Alcohol 60-12-8 1116 1114 15.09 8.29E+05 1.42E+06 2.97E+05 9.34E+05 1.08E+06 4.54E+05 1.31E+05 

Menthol 1490-04-6 1169 1163 16.81 n.d. 2.01E+05 1.33E+05 n.d. 2.04E+05 n.d. n.d. 

Ethyl octanoate 106-32-1 1196 1197 18.04 3.92E+07 3.95E+07 5.37E+07 4.32E+07 6.61E+07 7.27E+07 5.74E+07 

Decanal 112-31-2  1206 1204 18.29 1.82E+05 2.86E+05 3.36E+05 2.89E+05 4.76E+05 3.83E+05 3.12E+05 

β-Cyclocitral 432-25-7  1220 1221 18.78 n.d. n.d. n.d. 2.50E+05 1.20E+06 n.d. n.d. 

Citronellol 106-22-9 1228 1228 19.11 3.13E+05 4.19E+05 3.10E+05 3.00E+05 2.62E+05 1.84E+05 2.16E+05 

Ethyl phenylacetate 101-97-3  1246 1244 19.67 8.09E+04 6.45E+04 7.96E+04 9.00E+04 1.35E+05 4.34E+04 8.01E+04 

Phenethyl acetate 103-45-7 1258 1256 20.08 9.65E+05 7.51E+05 5.26E+05 6.55E+05 7.04E+05 6.29E+05 4.84E+05 

Ethyl nonanoate 123-29-5  1296 1295 21.43 2.50E+06 2.46E+06 3.69E+06 2.08E+06 4.52E+06 4.38E+06 1.07E+06 
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2-Undecanol 1653-30-1  1308 1300 21.58 2.71E+05 2.79E+05 2.26E+05 2.03E+05 4.09E+05 3.14E+05 1.65E+05 

Undecanal 112-44-7  1307 1306 21.76 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

β-Damascenone 23726-93-4  1386 1383 24.31 1.38E+06 1.62E+06 2.33E+06 1.73E+06 1.73E+06 1.95E+06 1.08E+06 

β-Elemene 515-13-9  1391 1390 24.53 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl decanoate 110-38-3  1396 1397 24.73 1.29E+08 1.35E+08 1.67E+08 1.15E+08 1.57E+08 1.70E+08 1.27E+08 

Isoamyl octanoate 2035-99-6  1446 1445 26.24 1.16E+06 1.91E+06 3.93E+06 9.27E+05 2.71E+06 2.20E+06 1.65E+06 

Geranyl acetone 3796-70-1 1453 1452 26.45 9.96E+04 1.73E+05 1.96E+05 n.d. n.d. n.d. n.d. 

(E)-β-Famesene 18794-84-8  1457 1456 26.56 6.09E+05 1.85E+06 8.51E+05 7.81E+05 9.61E+05 3.73E+05 4.89E+05 

α-Curcumene 644-30-4  1483 1481 27.36 7.41E+04 1.33E+05 3.72E+04 3.35E+04 3.62E+04 n.d. n.d. 

(E)-β-Ionone 79-77-6 1486 1486 27.47 2.17E+04 2.73E+04 1.31E+05 2.46E+04 1.27E+05 1.96E+05 1.81E+04 

α-Muurolene 10208-80-7  1499 1499 27.89 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

α-Farnesene 502-61-4  1508 1507 28.13 3.22E+05 1.22E+06 3.87E+05 5.18E+05 6.36E+05 2.81E+05 3.70E+05 

δ-Cadinene 483-76-1  1524 1522 28.59 n.d. n.d. 1.93E+05 9.33E+04 1.88E+05 1.21E+05 1.04E+05 

α-Calacorene 21391-99-1  1542 1542 29.16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Nerolidol 7212-44-4 1564 1563 29.77 4.74E+06 1.29E+07 4.00E+06 5.76E+06 7.84E+06 2.31E+06 3.06E+06 

Ethyl laurate 106-33-2  1595 1594 30.68 4.89E+07 6.03E+07 8.35E+07 5.77E+07 6.94E+07 6.85E+07 6.61E+07 

Bisabolol 515-69-5 1684 1683 33.17 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Farnesol 4602-84-0 1722 1727 34.24 4.35E+05 9.80E+05 4.36E+05 3.07E+05 2.85E+05 8.24E+04 1.34E+05 

Ethyl palmitate 628-97-7 1993 1992 41.03 3.54E+06 1.50E+06 1.34E+07 7.66E+06 8.59E+06 1.04E+07 1.01E+07 

Ethyl linoleate 544-35-4 2162   44.84 2.06E+05 7.67E+04 8.98E+05 3.11E+05 1.87E+05 3.66E+05 1.92E+05 

COV CAS 
IR 

Standard 

IR 

Samples 

RT 

(min) 

Área 

UA-08 UA-09 UA-10 UA-11 UA-12 UA-13 UA-14 

Ethyl Acetate 141-78-6 612 651 2.06 3.63E+06 2.82E+06 3.35E+06 3.72E+06 7.19E+06 5.23E+06 6.80E+06 

3-Methyl-1-butanol 123-51-3 736 728 3.43 1.12E+07 1.21E+07 9.16E+06 2.19E+07 1.15E+07 2.45E+07 1.11E+07 

2-Methyl-1-butanol 137-32-6  739 733 3.49 5.30E+06 4.49E+06 4.29E+06 8.33E+06 3.75E+06 9.04E+06 3.92E+06 

Hexanal 66-25-1 800 799 4.73 4.59E+04 2.60E+04 3.99E+04 6.65E+04 6.39E+04 7.55E+04 1.47E+05 

Ethyl butanoate 105-54-4  802 802 4.80 5.16E+04 4.46E+04 6.00E+04 9.27E+04 1.98E+05 2.97E+05 1.87E+05 

Isoamyl acetate 123-92-2  876 875 6.83 4.93E+05 4.88E+05 8.01E+05 8.54E+05 7.71E+05 2.47E+05 4.61E+04 
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2-Heptanol 543-49-7  901 901 7.56 2.87E+05 1.21E+05 1.69E+05 2.49E+05 3.51E+05 4.01E+05 3.53E+05 

Ethyl hexanoate 123-66-0 1000 1000 10.93 1.59E+06 3.88E+05 1.60E+06 3.13E+06 1.01E+06 4.06E+06 3.34E+06 

p-Cymene 99-87-6 1022 1022 11.74 n.d. n.d. 3.96E+04 n.d. 7.58E+04 n.d. n.d. 

Limonene 138-86-3  1030 1026 11.88 3.11E+04 n.d. 3.05E+04 1.00E+05 6.35E+04 n.d. n.d. 

1-Octanol 111-87-5 1071 1070 13.51 3.25E+05 4.50E+05 1.66E+05 1.72E+05 7.64E+04 6.42E+05 1.33E+05 

2-Nonanone 821-55-6 1092 1091 14.26 3.89E+04 4.91E+04 5.02E+04 2.82E+04 8.39E+04 1.07E+05 4.70E+04 

Ethyl heptanoate 106-30-9  1097 1098 14.50 1.55E+05 1.61E+05 n.d. 3.36E+05 6.04E+05 1.01E+06 3.19E+05 

Linalool 78-70-6 1099 1099 14.52 n.d. n.d. 2.00E+05 n.d. n.d. n.d. n.d. 

2-Nonanol 628-99-9 1101 1100 14.57 3.48E+05 2.73E+05 1.58E+05 7.30E+04 2.69E+05 1.72E+05 3.36E+05 

Nonanal 124-19-6 1104 1103 14.67 6.31E+05 9.11E+05 7.91E+05 1.20E+06 1.37E+06 1.22E+06 7.56E+05 

Phenylethyl Alcohol 60-12-8 1116 1114 15.09 5.05E+05 2.86E+05 5.36E+05 1.34E+06 1.23E+06 2.39E+06 8.89E+05 

Menthol 1490-04-6 1169 1163 16.81 9.53E+04 3.14E+05 4.24E+04 n.d. 2.99E+05 1.72E+05 n.d. 

Ethyl octanoate 106-32-1 1196 1197 18.04 4.29E+07 2.72E+07 3.38E+07 7.47E+07 3.10E+07 7.43E+07 6.02E+07 

Decanal 112-31-2  1206 1204 18.29 2.88E+05 1.14E+05 1.64E+05 4.96E+05 6.09E+05 5.67E+05 5.27E+05 

β-Cyclocitral 432-25-7  1220 1221 18.78 n.d. 2.14E+05 n.d. 1.20E+05 1.24E+05 1.11E+05 n.d. 

Citronellol 106-22-9 1228 1228 19.11 2.85E+05 1.76E+05 1.28E+05 2.90E+05 1.46E+05 2.64E+05 2.24E+05 

Ethyl phenylacetate 101-97-3  1246 1244 19.67 3.71E+04 5.24E+04 5.74E+04 9.48E+05 8.11E+04 1.07E+05 4.80E+04 

Phenethyl acetate 103-45-7 1258 1256 20.08 9.49E+05 6.88E+05 4.56E+05 8.24E+05 6.25E+05 9.24E+05 5.17E+05 

Ethyl nonanoate 123-29-5  1296 1295 21.43 1.78E+06 2.25E+06 1.43E+06 5.03E+06 2.31E+06 7.67E+06 2.17E+06 

2-Undecanol 1653-30-1  1308 1300 21.58 2.67E+05 3.18E+05 n.d. 2.81E+05 1.42E+05 3.38E+05 3.84E+05 

Undecanal 112-44-7  1307 1306 21.76 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

β-Damascenone 23726-93-4  1386 1383 24.31 1.42E+06 9.90E+05 7.72E+05 2.10E+06 6.47E+05 1.71E+06 8.47E+05 

β-Elemene 515-13-9  1391 1390 24.53 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Ethyl decanoate 110-38-3  1396 1397 24.73 1.33E+08 8.84E+07 8.70E+07 1.87E+08 6.12E+07 1.81E+08 1.37E+08 

Isoamyl octanoate 2035-99-6  1446 1445 26.24 3.29E+06 1.29E+06 1.43E+06 5.80E+06 1.75E+05 2.90E+06 1.15E+06 

Geranyl acetone 3796-70-1 1453 1452 26.45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

(E)-β-Famesene 18794-84-8  1457 1456 26.56 1.01E+06 6.51E+05 7.51E+05 1.51E+06 2.84E+05 1.20E+06 5.88E+05 

α-Curcumene 644-30-4  1483 1481 27.36 3.88E+04 5.75E+04 5.41E+04 1.07E+05 n.d. 1.37E+05 7.74E+04 

(E)-β-Ionone 79-77-6 1486 1486 27.47 3.34E+04 n.d. n.d. 2.55E+05 n.d. n.d. n.d. 
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α-Muurolene 10208-80-7  1499 1499 27.89 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

α-Farnesene 502-61-4  1508 1507 28.13 5.10E+05 4.07E+05 4.97E+05 9.54E+05 9.80E+04 8.25E+05 4.62E+05 

δ-Cadinene 483-76-1  1524 1522 28.59 1.06E+05 8.25E+04 8.87E+04 n.d. 4.79E+04 n.d. n.d. 

α-Calacorene 21391-99-1  1542 1542 29.16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Nerolidol 7212-44-4 1564 1563 29.77 3.09E+06 2.84E+06 2.84E+06 8.20E+06 2.16E+06 9.99E+06 5.39E+06 

Ethyl laurate 106-33-2  1595 1594 30.68 6.32E+07 3.40E+07 5.07E+07 9.04E+07 2.63E+07 9.19E+07 6.93E+07 

Bisabolol 515-69-5 1684 1683 33.17 n.d. n.d. 4.01E+04 n.d. n.d. n.d. n.d. 

Farnesol 4602-84-0 1722 1727 34.24 1.81E+05 3.14E+04 9.73E+04 7.06E+05 n.d. 5.35E+05 3.58E+05 

Ethyl palmitate 628-97-7 1993 1992 41.03 2.27E+06 6.23E+06 2.57E+06 2.33E+07 2.14E+06 1.55E+07 2.93E+06 

Ethyl linoleate 544-35-4 2162   44.84 1.26E+05 7.21E+04 n.d. 9.21E+05 4.98E+04 2.62E+05 n.d. 

COV CAS 
IR 

Standard 

IR 

Samples 

RT 

(min) 

Área 

UA-15 UM-01 UM-02 UM-03 UM-04 US-01 US-02 

Ethyl Acetate 141-78-6 612 651 2.06 2.61E+06 1.98E+06 3.76E+06 1.63E+06 9.12E+05 6.28E+06 1.63E+06 

3-Methyl-1-butanol 123-51-3 736 728 3.43 2.37E+07 1.70E+07 1.42E+07 2.93E+07 1.56E+07 1.52E+07 1.53E+07 

2-Methyl-1-butanol 137-32-6  739 733 3.49 1.39E+07 6.51E+06 5.22E+06 1.27E+07 6.04E+06 5.14E+06 7.01E+06 

Hexanal 66-25-1 800 799 4.73 4.48E+04 4.95E+04 4.15E+04 6.29E+04 3.98E+04 4.68E+04 3.44E+04 

Ethyl butanoate 105-54-4  802 802 4.80 1.28E+05 1.01E+05 7.76E+04 2.45E+05 5.04E+04 1.09E+05 1.70E+05 

Isoamyl acetate 123-92-2  876 875 6.83 1.02E+06 3.76E+05 8.09E+05 6.49E+05 7.57E+05 1.86E+05 3.67E+05 

2-Heptanol 543-49-7  901 901 7.56 2.75E+05 n.d. 3.19E+05 4.83E+05 2.72E+05 2.55E+05 n.d. 

Ethyl hexanoate 123-66-0 1000 1000 10.93 1.77E+06 1.83E+06 1.99E+06 4.42E+06 1.55E+06 4.96E+06 1.97E+06 

p-Cymene 99-87-6 1022 1022 11.74 4.36E+05 1.71E+05 n.d. 2.83E+05 5.47E+04 n.d. n.d. 

Limonene 138-86-3  1030 1026 11.88 4.19E+05 n.d. n.d. 1.36E+06 4.24E+05 n.d. n.d. 

1-Octanol 111-87-5 1071 1070 13.51 3.88E+05 2.29E+05 1.42E+05 7.67E+05 3.62E+05 1.01E+06 3.06E+05 

2-Nonanone 821-55-6 1092 1091 14.26 9.63E+04 1.23E+05 1.32E+04 1.97E+05 8.44E+04 4.58E+05 1.70E+05 

Ethyl heptanoate 106-30-9  1097 1098 14.50 4.95E+05 3.60E+05 n.d. 1.05E+06 2.31E+05 4.71E+05 1.75E+05 

Linalool 78-70-6 1099 1099 14.52 n.d. n.d. 1.67E+05 n.d. n.d. n.d. n.d. 

2-Nonanol 628-99-9 1101 1100 14.57 2.84E+05 n.d. 2.35E+05 n.d. n.d. n.d. n.d. 

Nonanal 124-19-6 1104 1103 14.67 1.00E+06 6.80E+05 4.66E+05 1.40E+06 5.40E+05 7.80E+05 5.91E+05 
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Phenylethyl Alcohol 60-12-8 1116 1114 15.09 6.43E+06 1.65E+06 7.77E+05 1.95E+05 8.21E+04 5.76E+05 1.74E+05 

Menthol 1490-04-6 1169 1163 16.81 5.00E+05 3.70E+05 n.d. n.d. 3.54E+04 n.d. n.d. 

Ethyl octanoate 106-32-1 1196 1197 18.04 4.90E+07 5.39E+07 4.86E+07 7.53E+07 4.45E+07 6.71E+07 4.53E+07 

Decanal 112-31-2  1206 1204 18.29 8.53E+05 3.90E+05 4.89E+05 1.38E+06 1.53E+05 5.86E+05 1.31E+05 

β-Cyclocitral 432-25-7  1220 1221 18.78 6.58E+05 n.d. n.d. 1.74E+05 1.79E+05 n.d. n.d. 

Citronellol 106-22-9 1228 1228 19.11 8.29E+05 1.97E+05 1.55E+05 5.16E+05 1.69E+05 3.14E+05 2.30E+05 

Ethyl phenylacetate 101-97-3  1246 1244 19.67 3.11E+05 1.26E+05 8.25E+04 2.20E+05 n.d. 4.13E+05 6.98E+04 

Phenethyl acetate 103-45-7 1258 1256 20.08 7.15E+06 6.25E+05 5.56E+05 n.d. 4.35E+05 n.d. 3.71E+05 

Ethyl nonanoate 123-29-5  1296 1295 21.43 2.43E+06 2.73E+06 7.90E+05 1.39E+07 2.11E+06 2.76E+06 2.13E+06 

2-Undecanol 1653-30-1  1308 1300 21.58 6.64E+04 n.d. n.d. 2.24E+05 1.63E+05 n.d. 8.50E+04 

Undecanal 112-44-7  1307 1306 21.76 n.d. 9.16E+04 n.d. 3.16E+05 n.d. 1.19E+05 n.d. 

β-Damascenone 23726-93-4  1386 1383 24.31 3.30E+06 1.41E+06 1.15E+06 1.63E+06 8.34E+05 1.31E+06 1.62E+06 

β-Elemene 515-13-9  1391 1390 24.53 n.d. n.d. n.d. 8.06E+04 2.65E+05 n.d. n.d. 

Ethyl decanoate 110-38-3  1396 1397 24.73 1.63E+08 1.36E+08 1.23E+08 1.77E+08 1.22E+08 1.25E+08 1.45E+08 

Isoamyl octanoate 2035-99-6  1446 1445 26.24 4.97E+06 3.05E+06 2.23E+06 3.55E+06 2.95E+06 1.49E+06 2.54E+06 

Geranyl acetone 3796-70-1 1453 1452 26.45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

(E)-β-Famesene 18794-84-8  1457 1456 26.56 3.01E+06 2.94E+06 4.51E+05 1.03E+06 6.78E+06 1.57E+06 6.87E+05 

α-Curcumene 644-30-4  1483 1481 27.36 2.85E+05 1.31E+05 3.23E+04 1.15E+05 7.79E+05 1.31E+05 4.62E+04 

(E)-β-Ionone 79-77-6 1486 1486 27.47 n.d. 4.74E+04 n.d. n.d. n.d. n.d. n.d. 

α-Muurolene 10208-80-7  1499 1499 27.89 n.d. 2.20E+05 n.d. 2.01E+05 n.d. 1.55E+05 n.d. 

α-Farnesene 502-61-4  1508 1507 28.13 1.81E+06 1.79E+06 2.22E+05 5.83E+05 4.27E+06 1.19E+06 3.23E+05 

δ-Cadinene 483-76-1  1524 1522 28.59 1.81E+05 2.18E+05 1.22E+05 1.99E+06 6.91E+05 6.57E+05 5.80E+04 

α-Calacorene 21391-99-1  1542 1542 29.16 n.d. n.d. n.d. 1.96E+05 n.d. 3.91E+05 n.d. 

Nerolidol 7212-44-4 1564 1563 29.77 1.64E+07 1.84E+07 3.39E+06 6.87E+06 2.67E+07 1.07E+07 1.86E+06 

Ethyl laurate 106-33-2  1595 1594 30.68 9.28E+07 7.48E+07 7.67E+07 8.28E+07 7.09E+07 7.30E+07 5.93E+07 

Bisabolol 515-69-5 1684 1683 33.17 n.d. 5.06E+05 7.70E+04 n.d. n.d. 2.34E+05 n.d. 

Farnesol 4602-84-0 1722 1727 34.24 2.48E+06 8.81E+05 2.08E+05 6.00E+05 3.74E+05 3.78E+05 1.62E+05 

Ethyl palmitate 628-97-7 1993 1992 41.03 1.25E+07 7.44E+06 6.72E+06 6.45E+06 1.22E+07 6.56E+05 8.44E+05 

Ethyl linoleate 544-35-4 2162   44.84 7.01E+05 2.58E+05 3.36E+05 7.74E+04 1.81E+05 n.d. n.d. 
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ANEXO A – Comprovante de aceite para publicação do artigo I 

 

 

 

 

 

 

 



127 
 

ANEXO B – Comprovante de submissão do artigo II 

 

 

 


